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ENERGY IN THE SERVICE 
OF MANn 
jaan plans annually to propose 


for worldwide discussion some 
theme with universal significance, to 
provide basic material for informal ac- 
tion. In 1949-50 the topic was “Food 
and the People.’”’ The second, for 1951, 
was “Energy in the Service of Man,” 
on.which a series of six articles pub- 
lished by UNESCO has just been rc- 
ceived. 

As might be expected, the present 
series is basically utilitarian, although 
the cultural aspects are evident in the 
first article, “Civilization and the Use 
of Energy,” by Sir A. C. Egerton, Im- 
perial College of Science and ‘Tech- 
nology, London. He briefly discusses 
the time-scale (age of the earth) and 
the history of man. ‘There is frequent 
recognition of solar energy as the 
fundamental source for the maintenance 
of life (photosynthesis) and of its possi- 
bilities for heating and cooling houses 
and furnishing power supply. 

Louis C. McCabe, of the U.S. Bu- 
reau of Mlines, discussing ‘World 
Sources and Consumption of Energy,” 
notes that the sun supplies some 2,000 
times as much energy to the land areas 
of the United States as the country 
uses. He believes that when mineral 
fuels become critically short in supply, 
more efficient methods for consuming 
solar energy will be developed. At 
present, “Under the most favourable 
laboratory conditions, thermocouples 
will convert heat from the sun into 
electric current at about 5 percent efh- 
ciency, while the best commercial 
equipment will recover only 0.8 per- 
cent. In growing crops, the average 
recovery through photosynthesis is less 
than 0.1 percent but certain algae re- 
cover as much as 2 percent.” 

In “Energy in the Future,” F. F. 
Simon, of Oxford, comments on current 
faith in nuclear energy (usually mis- 
named atomic energy). He reminds us 
that the automobile took 30 to 50 years 
of slow patient effort to develop, “and 
compared with the problems of nuclear 
energy the motor car is a comparatively 
simple device containing no funda- 
mentally new ideas.”” He describes the 
sun as a “nuclear reactor which is enor- 
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the century that either nuclear or solar 
energy will be able to take over from 
chemical fuels, although workable in- 
stallations of both types should be pro. 
ducing power in from 10 to 20 years 
time. 

The other three papers in the series 
are: “Utilization of Energy,” Gustav 
Eichelberg, Swiss Federal Polytechnic 
School; “Energy in Its International 
Aspects,” Pierre Ailleret, French Na- 
tional School of Roads and Bridges; 
“The Role of Energy in Under-devel- 
oped Areas,” M. S. Thacker, Indian 
Institute of Science. Presumably copies 
of all these papers and a_ bibliography 
(February 25, 1952) of British 
publications on the subject may be ob- 
tained from Professor Pierre Auger, 
director, Natural Sciences Department, 
UNESCO, Paris, France. 

D. H. 


mously powerful, at a safe distance, and 
free for all.” Assuming that 10 per 
cent of the solar radiation that gets to 
the surface of the earth can be utilized, 
he finds that an area the size of Egypt 
could supply the power requirements of 
the world at present. 

The problem is how to collect this 
energy simply and cheaply. As solar 
radiation corresponds to high tempera- 
ture it is mainly free energy, not heat. 
“The proper way of tapping it is not 
to use it as heat, but to find a process 
which will convert it directly into an- 
other form of free energy more useful 
to us.” He suggests the industrializa- 
tion of photosynthesis, but concedes 
many difficulties. Photocells might be 
used for direct conversion of solar en- 
ergy into electrical current. 

Professor Simon concludes that it 
will probably not be until the end of 
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The Quirinal Hill, known also as Monte Cavallo, is the highest of Rome’s seven hills, from which there is a fine open view 
of the city. The Giardino di Monte Cavallo was probably here, where it may well be that Galileo demonstrated his tele- 


scope in 1611 when he visited the villa of Cardinal Bandini. 


Palazzo Quirinale, started in 1574, was used as a summer 


residence by the popes from then until 1870; it was here that Pope Urban VIII gave orders for Galileo to recant, during 


the latter’s sixth visit to Rome. 


ecuted by Bernini, and the tower on the left was added by Urban VIII. 


Pollux and their horses. 


The principal door, with statues of St. Peter and St. Paul on the loggia base, was ex- 
The statues in the square are of Castor and 


(CALILEO’S VISITS TO ROME - I 


By WALTER J. MILLER, S.J., Vatican Observatory 


ALILEO’S first visit to Rome took 

place in the year 1587. At the 

age of 23, he already aspired to a 
vacant professorship of mathematics in 
Bologna, and for this purpose he needed 
the support of influential people and the 
recommendation of eminent mathema- 
ticians. One of those whom Galileo 
then visited in Rome, and who became 
his lifelong friend and correspondent 
thereafter, was the Jesuit Father Chris- 
topher Clavius, professor of mathe- 
matics at the Roman College almost 
uninterruptedly for 47 years. Clavius 
was known as the Euclid of the 16th 
century, and co-operated with Pope 
Gregory XIII in establishing the Gre- 
gorian calendar. Shortly after this 1587 





This article is based on an idea evolved by 
Rufus Suter, Washington, D. C., author of 
“Galileo in Padua,” Sky and Telescope, No- 
vember, 1951, —ED. 


visit, Galileo wrote from Florence to 
Father Clavius to ask his advice about 
the proof of a theorem concerning the 
center of gravity of solids. This auto- 
graph letter, the earliest extant letter 
of Galileo, is now in the archives of 
the Pontifical Gregorian University, 
successor to the Roman College when 
the latter was appropriated in 1873 by 
the Italian government during the uni- 
fication of Italy. 

Galileo’s second (and happiest) visit 
to Rome was from March 29 to June 4, 
1611. He was triumphantly received as 
the man of the hour. It is easy to see 
why. Galileo’s discoveries in the field 
of mechanics could be understood only 
by the learned few, but his astounding 
telescopic discoveries could be under- 
stood by all alike, even though their 
real significance would not be fully 
grasped or commonly accepted for gen- 
erations to come. 


Galileo had first pointed his telescope 
at the skies in the late months of 1609, 
and sensational discoveries had _ been 
made and announced in rapid succession 
during 1610: mountains and craters on 
the moon, star clouds in the Milky Way 
resolved into immense numbers of stars 
quite different from the planets, four 
moons of Jupiter, the phases of Venus, 
the peculiar and puzzling egg shape of 
Saturn, and finally sunspots. All except 
the last were explicitly confirmed in de- 
tail from their own observations by the 
Jesuit astronomers of the Roman Col- 
lege, at a solemn academy held in 
Galileo’s presence and in his honor in 
May of 1611. ‘This must have been 
the high point of his visit to Rome, for 
at least three cardinals were present, 
along with many high ecclesiastics, the- 
ologians, scientists, and other eminent 
personages of Rome. ‘To lend credence 
to the unprecedented discoveries, the 
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telescope used by Father Clavius and his 
Jesuit collaborators to make the con- 
firmatory observations was on_ public 
display. 

On this occasion, the Latin word 
perspicillum was still used for the word 
telescope, although the new word fele- 





scopium had already been coined by 
Giovanni Demisiani and used in Rome 
by Federico Cesi, Marchese di Monti- 
elli, at his banquet in Galileo’s honor 
on April 14, 1611. Galileo was greatly 
pleased when Cesi enrolled him as the 
sixth member of his eight-year-old 
Accademia dei Lincei, on April 25th; 
and the Lincean album, containing his 
signature on that occasion is still pre- 
served at the modern home of this cele- 
brated academy in Palazzo Corsini, No. 
10 Via della Lungara. ‘Thereafter, 
Galileo faithfully complied with the 
academy’s rule that members must use 
the title of Linceo in their scientific 
publications, and he more than com- 
plied with the academy’s ideal of study- 
ing the facts of nature with the close 
scrutiny of a lynx. Palazzo Cesi, where 
Galileo was entertained and honored, is 
located at No. 21 Via della Maschera 
d’Oro. An inscription on the facade 
commemorates the event, but the palace 
itself is now the seat of the Tribunale 
Supremo Militare of Rome. 

Another feature of Galileo’s 1611 
stay in Rome was the triumphant dem- 
onstration of his telescope and its won- 
ders, in the Giardino di Monte Cavallo 
(on the Quirinal Hill) at the residence 
of the Florentine Cardinal Ottavio 
Bandini. Among the many dignitaries 
present were Cardinals Bandini and 
Lorenzo Bianchetti, to whom Galileo 
also showed spots on the sun. At a 
dinner given in his honor by the Duca 
di Acquasparta (father of Federico 
Cesi), at his villa above San Pancrazio 
on the Janiculum Hill, Galileo once as- 
tounded the distinguished guests by 
showing them first the moons of Jupiter 
and then letting them read the inscrip- 
tion of Sixtus V above the Loggia delle 
Benedizioni at the Lateran Palace, over 
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three miles away. Galileo displayed the 
moon and Venus through his telescope, 
to the Jesuit Cardinal Robert Bellar- 
mine and to many others. Galileo’s 
letter of April 22, 1611, to his Floren- 
tine friend, Filippo Salviati, reports that 
various prelates and princes had been 


The Palazzo Firenze, 
where Galileo was a 
guest during his second 
visit to Rome, in 1611, 
as it looked on May 14, 
1952. The building is 
now No. 27 Piazza Fi- 
renze. Photograph by 
the author. 


just as much impressed by looking at 
celestial objects through his telescope as 
he himself had been in viewing all their 
marvelous statues, paintings, room dec- 
orations, palaces, and gardens —so we 
know that Galileo did his full share of 
tourist sightseeing in Rome. 

The same letter also tells about the 
very cordial audience he had had that 
very morning with Pope Paul V (Ca- 
millo Borghese). Galileo was_ intro- 
duced to the Pope by the Tuscan am- 
bassador to the Holy See, Giovanni 
Niccolini, at whose residence (in Palaz- 
zo Firenze, still existing today at No. 
27 Piazza Firenze) Galileo was then 
staying in virtue of his new (June 10, 
1610) official position as court philoso- 
pher and mathematician of Cosimo 
de’Medici II, grand duke of Tuscany. 
Writing to the latter on May 31st, Car- 
dinal Francesco Maria dal Monte says 
that Galileo’s visit had given such great 
satisfaction to all that, if they were liv- 
ing in the times of the ancient Roman 
republic, they would surely have erected 
a statue on the Capitoline Hill to honor 
him for his genius and his remarkable 
discoveries. 

Galileo had long since been convinced 
of the truth of the Copernican doctrine 
that the earth rotates daily on its axis 
and revolves annually about the sun. 
In 1596 his astronomer friend, the cele- 
brated Johannes Kepler, had had a 
work, Prodromus Dissertationum Cos- 
mographicarum, condemned as heretical 
by the Protestant theological faculty of 
Tiibingen, for its advocacy of the “anti- 
scriptural” Copernican theory. On 
August 4th of the following year, Gali- 
leo wrote to Kepler, saying that he him- 
self had embraced the opinion of 
Copernicus many years ago, after hav- 
ing used the theory to explain many 


natural effects that were inexplicable 
by the commonly prevailing Ptolemaic 
hypothesis. He had never dared to pub- 
lish either his researches or his refutation 
of adversaries, being “afraid of the lot 
of Copernicus, our teacher, who, al- 
though he did acquire immortal fame 
with some few, yet with an_ infinite 
number of people (for such is the num- 
ber of the stupid) he came forth only 
to be laughed at and hissed off the 
stage.” 

If Galileo had already convinced him- 
self of the truth of the Copernican 
theory many years before 1597, surely 
we may imagine how the discoveries he 
made in 1610 and the enthusiastic re- 
ception he received in Rome in 1611 en- 
couraged him thereafter to become the 
fearless and even reckless public cham- 
pion of Copernicanism. Today it is 
clear that never in his lifetime did Gali- 
leo possess a really valid proof of this 
theory, and the proof from the ebb and 
flow of the tides on which he laid so 
much stress was even completely false. 
But his penetrating intuition immedi- 
ately realized the full significance of 
the phenomena his telescope enabled him 
to observe, and he impetuously set out 
to show everybody, willy-nilly, that the 
Ptolemaic interpretation of the facts 
was false. 

It is important to try to understand 
why Galileo’s opponents were so ob- 
stinately conservative. It was not only 
that the Ptolemaic theory had _ been 
taught as incontrovertible fact for cen- 
turies past by both scientists and philos- 
ophers. It was not only that ordinary 
everyday people were convinced from 
the evidence seen by their own eyes that 
the sun did move daily from east to 
west and yearly through the signs of 
the zodiac. But also and much more, 
it was due to the fact that in those days 
both Protestants and Catholics alike 
considered the Bible to be the supreme 
authority not only in theology but also 
in science. 

For instance, take the famous initial 
text in Ecclesiastes (the Preacher) 
where Solomon, after summing up life 
with the words, “Vanity of vanities, and 
all is vanity,” goes on to say: “One gen- 
eration passeth away, and another gener- 
ation cometh; but the earth standeth 
forever. The sun riseth, and goeth 
down, and returneth to his place; and 
there rising again, maketh his round by 
the south, and turneth again to the 
north.” That text, taken literally, 
could mean only that the sun and not 
the earth did the moving. 

In the absence of valid proof to the 
contrary, lay people and theologians 
alike in those days suspected as heretical 
any new and revolutionary doctrine 
which would interpret such texts in a 
way that contradicted the obvious and 
literal sense of the words. There was 
no question of being inimical or un- 




















friendly to science; to the mind steeped 
in the traditional interpretation of Scrip- 
ture and not yet converted from the 
authority of Aristotle to the modern 
method of scientific observation, it 
seemed that the Copernican doctrine 
was radically false and unscientific, pre- 
cisely because it appeared antiscriptural 
and therefore heretical. 

Galileo correctly answered (in the 
very words suggested to him by Car- 
dinal Cesare Baronio) that Holy Writ 
is intended to teach men how to go to 
Heaven and not how the heavens go. 
In other words, the Bible is not a book 
of astronomy, nor does it aim to teach 
science, and in speaking of celestial 
phenomena it uses current expressions 
which would be intelligible to ordinary 
people thinking and speaking according 
to the obvious appearances of things; 
and these expressions are not intended 
to explain the phenomena or to state 
anything about the true structure of the 
heavens. 

Galileo’s third visit to Rome was 
from December 11, 1615, until June 1, 
1616. The reason for the visit was 
Galileo’s desire to defend on the spot 
his views on the relation between faith 


and science. On December 21, 1613, 
he had written a letter to his former 
pupil of Padua, the Benedictine Father 
Benedetto Castelli, and in 1615 he 
wrote an even longer letter (running to 
40 printed pages in the 20-volume 
Edizione Nazionale of Galileo’s works) 
to the dowager grand duchess of Tus- 
cany, Cristina di Lorena; in both letters 
he brilliantly explained how the dis- 
puted passages of Scripture were to be 
reconciled with Copernicanism. 

These and other such letters of Gali- 
leo were often recopied and widely cir- 
culated, and the Dominican Fathers of 
Florence had asked Cardinal Paolo 
Sfondrati, the prefect of the Roman 
Congregation of the Index, to investi- 
gate the orthodoxy of the letters. How- 
ever, since the letters had not been 
printed, the question was turned over 
to Cardinal Giovanni Millini, the sec- 
retary of the Holy Office or Inquisition, 
whose function it was to guard the 
faithful from danger of false doctrines. 
The mild and informal decision was 
that a few passages which at first sight 
seemed objectionable could be taken in 
a good sense, and that on the whole 
there was no divergence from Catholic 


doctrine. Unfortunately, Galileo was not 
content with this negative  vindica- 
tion. His friends advised and implored 
him to avoid theology and to confine 
himself to mathematics and physics 
(“Write freely but be careful to keep 
outside the sacristy!”). They begged 
him to be satisfied with teaching 
Copernicanism as a hypothesis, but he 
insisted on teaching it as a proved fact. 
Orally and in writing he campaigned 
actively, in private and in public, be- 
fore eminent personages in ecclesiastical 
and lay circles in Rome, for a winner- 
take-all decision. 


The discussion thus seemed no longer 
personal but rather doctrinal in nature, 
and Galileo’s many enemies could urge 
to the Holy Office the necessity of re- 
moving once and for all the uncertainty 
concerning the relations between Co- 
pernicanism and Christian tradition. 
Galileo’s 1613 book on sunspots (which 
was published in Rome by the Accade- 
mia dei Lincei with papal imprimatur 
from the master of the Sacred Palace) 
contained passages openly _ teaching 
Copernicanism as a fact, and so it was 


(Continued on page 221) 





Left: 


Galileo was entertained many times at the Roman College by Clavius and other Jesuit astronomers. 


Built in 1585 


by Ammannati, the building was taken over in 1873 by the Italian government, although Father Angelo Secchi’s observa- 


Right: 


tory continued active until his death in 1878. ; 
On the Piazza della Minerva stands the church of Santa Maria sopra Minerva, built over the ancient temple to 


Minerva Calcidica. The doorway at the left, No. 42 Piazza della Minerva, is the entrance to the Dominican Convent where 
sessions of the Holy Office or Inquisition were held. The obelisk is 6th century B. C. Egyptian, and the monument of the 
The Pantheon is 200 feet away in the direction of the obelisk shadow. 


elephant is by Bernini (1667). 
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The radio telescope at Kootwijk, Holland, has a parabolic receiver about 25 feet in diameter. At the right, a closeup shows 


the wire mesh, the dipole at the focus, and the supporting structure. 


Galactic Exploration by Radio 


By Orro StrRuve, Leuschner Observatory, University of California 


HE PAST 25 years have wit- 

nessed the most spectacular devel- 

opment of science in history. Dis- 
coveries of undreamed-of importance 
have succeeded one another at such a 
rapid rate than even in the field of an 
astrophysicist’s specialization it is diffi- 
cult to keep track of them. 

Nearly three years ago I reviewed in 
this journal the exciting new science of 
radio astronomy. Progress since then 
has been unbelievably rapid. New radio 
telescopes have been built, dozens of 
new discrete radio sources have been 
discovered, and accurate observations of 
the sun and its flares in radio frequencies 
(Sky and Telescope, March, 1952) 
have superseded the haphazard trials of 
the pioneers. There are_ indications 
that what we have designated as radio 
stars are not stars at all, but are really 
diffuse nebulae of a kind that is related 
to the Crab nebula. But perhaps the 
most exciting new result in radio as- 
tronomy was the discovery, in the spring 
and summer of 1951, of a strong inter- 
stellar glow at a wave length of 21 
centimeters, or a frequency of 1,420 
megacycles per second (Sky and Tele- 
scope, August, 1951, page 237).: In the 
hands of the students of galactic struc- 
ture, this discovery has already revo- 
lutionized our thinking concerning the 
Milky Way, and it promises even more 
remarkable results in the near future. 

First we must consider just what it 
is that produces this invisible glow. 
Twenty-five years ago, no one bothered 
about radiations that lie much outside 
the visible region of the spectrum. We 
knew, of course, that the work of Hertz 
had shown that an alternating electric 
current, in the form of a spark, for ex- 
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ample, could produce at a considerable 
distance another spark in an otherwise 
unactivated loop of wire, with a small 
gap between the ends of the wire. But 
astronomers felt secure from these com- 
plications in the field of experimental 
physics. Even as recently as 10 or 15 
years ago, no astronomer would have 
believed that he would one day become 
concerned with the hyperfine structure 
of the hydrogen atom. But that is ex- 
actly what we shall discuss this month. 

The hydrogen atom consists of two 
particles — a nucleus, called the proton, 
and a single electron. In the pictur- 
esque, but unfortunately inaccurate, 
representation by Bohr we may think 
of the electron as revolving around the 
proton, the force between them being 
the electrical attraction between the 
positive charge of the proton and the 
negative charge of the electron. 

Ordinarily the electron can move 
only in certain distinct orbits, and can- 
not occupy any randomly selected inter- 
mediate orbits. Also it can “jump” 
from one orbit to another. If it is in 
its innermost orbit it can jump only to 
a more distended orbit, and in doing so 
it absorbs a quantum of energy. After 
having reached the new orbit, it remains 
there for about 10° second and then 
“falls” back to one of the smaller orbits, 
sometimes even “cascading” from one 
to the next, until it is again located in 
the first, or innermost orbit. Every 
such downward jump is accompanied by 
the release, or emission, of an appropri- 
ate quantum of light. 

If the jump is a large one, that is, 
from a greatly extended orbit to one 
of very small dimensions, the quantum 
is ultraviolet in color; if the jump is 


Philips Company photograph. 


between orbits of nearly the same dimen- 
sions, the quantum is red or infrared, 
or may have a wave length so great that 
we would place it in the microwave or 
radio region of the spectrum. 

It has been known for many years 
that what the early physicists regarded 
as single orbits are really groups of or- 
bits, all of very similar dimensions. In 
order to distinguish these groups, the 
words fine structure were used to de- 
scribe their close proximity, as con- 
trasted to the wide intervals that sep- 
arate each fine-structure group from the 
next. The theoretical work of some 
of the greatest physicists, for instance, 
A. Sommerfeld in Munich, gave a 
plausible physical explanation of the 
fine-structure groups. 

More recently, physicists have found 
that the structure of the electronic or- 
bits is still more complicated; they pos- 
sess a hyperfine structure in addition to 
the ordinary fine structure. In conse- 
quence of this hyperfine structure, the 
innermost electronic orbit of hydrogen 
(which possesses no fine structure) con- 
sists of two orbits that are very close 
together. Ordinarily we cannot distin- 
guish between them, and when we speak 
of neutral hydrogen atoms in_ the 
ground state we usually lump together 
those that are in the .two_ hyperfine- 
structure orbits. Yet, [ved Rabi and 
his associates at Columbia Univefsity 
have succeeded in devising laboratory 
experiments that permitted them to dis- 
tinguish between the atoms in the lower 
and the higher of the two levels. 

Because the separation between these 
two orbits is very slight, the jump of an 
electron from one to the other absorbs 
or emits a quantum of “radio light” 
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whose wave length is 21 centimeters. 
Contrast this with the wave lengths of 
visible light, which are of the order 
of 1/20,000 centimeter. 

Until 1944 no one expected that such 
jumps could really take place. Many of 
the jumps between different orbits of 
an atom are “forbidden” by the rules 
of quantum theory. The 21-cm. wave- 
length jump was most probably forbid- 
den by these same rules, and would not 
occur under normal conditions. Still, 
astronomers know that some of the for- 
bidden jumps are not completely impos- 
sible. The “forbiddenness” is a relative 
property of the atom. Exceptions to 
the rule are possible, and forbidden 
jumps are really very rare transitions 
that do not occur in the laboratory be- 
cause various events, such as collisions 
with the walls of the experimental con- 
tainer, disturb the atom before it has 
time to make the forbidden jump. 

In a normal state or orbit, as we have 
already seen, the electron remains only 
one one-hundred millionth of a second 
before it proceeds to make a permitted 
jump. In the upper of the two hyper- 
fine structure levels of hydrogen, it re- 
mains for 11 million years! In the 
laboratory too many other things can 
happen to the electron before the 11 
million years have elapsed. But in in- 
terstellar space, an atom may well re- 
main undisturbed for very long periods. 
The electron then has plenty of time 
to make up its mind (or whatever it is 
that makes an electron decide to jump) 
to return to the ground orbit. 

This was first recognized by the 
young Dutch astrophysicist, H. C. van 
de Hulst, and presented by him in a col- 
loquium at Leiden. The idea was pub- 
lished in a relatively little-known peri- 
odical (Ned. Tijdschrift voor Natuur- 
kunde, II, 210, 1945), and it did not 
seriously come to the attention of as- 
tronomers until March 25, 1951, when 
H. I. Ewen and E. M. Purcell, of Har- 
vard University, found a strong radia- 
tion of 21-cm. wave length from the 
Milky Way. Their horn-type antenna 
is pictured on this pege. A few weeks 
later even more complete results were 
announced from the Dutch radio ob- 
servatory at Kootwijk, by C. A. Muller 
and J. H. Oort. In July of last year, 
these results were confirmed by W. N. 
Christiansen and J. V. Hindman in 
Australia. 

It should be realized that the Milky 
Way emits a general, continuous glow 
in all radio wave lengths. This glow 
can be regarded as the emission of ra- 
diation, from nebulae and also from dis- 
turbed areas on stars, that is comparable 
to the continuous white light of the sun, 
and represents an extension of it into the 
radio region of the spectrum. 

The hydrogen radiation at 21 centi- 
meters is a superposed emission, similar 
to the emission lines produced by the 
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H. I. Ewen adjusts the pyramidal horn 
antenna with which he first detected 
21-cm, radiation from the Milky Way. 
The horn, on the fourth floor of Har- 
vard’s Lyman Laboratory, was fixed 
in position and pointed south at a dec- 
lination of —5 degrees. 


visible glow of the Orion nebula. If 
a radio receiver is tuned exactly to the 
21-cm. wave length, it records radia- 
tion from the continuous sources and 
also from the emission line. But if it 
is tuned to 20 or to 22 centimeters, it 
records only the continuous radiation. 

The observational and _ theoretical 
results are now sufficiently complete for 
a preliminary discussion. The photos 
on the facing page show the Kootwijk 
radio telescope. Its aperture is 7!4 me- 
ters, and its focal length is 1.7 meters. 





A view of Dr. Ewen’s equipment set up for the 21-cm. experiments. 


The wire mesh is so fine that all “fish” 
in the form of radio waves longer than 
a few centimeters are caught and re- 
flected toward the dipole receiver at the 
focus of the parabola. The amplifiers, 
recorders, and the like are located in 
the cabin behind the large reflector. 

The project is a co-operative enter- 
prise of the Dutch observatories, the 
Philips Company, makers of electrical 
lamps and equipment, and the Dutch 
post and telegraph service. In_ this 
country we are used to finding scientific 
interest among commercial firms, but 
who would expect the postmaster gen- 
eral to have an interest in a radio tele- 
scope ? 

The resolving power of this first 
instrument is not very great, about 2.8 
degrees, but the Milky Way as seen by 
our eyes is much broader than this. 
Hence, even this resolving power is 
sufficient to disclose the broader struc- 
tural features of the galaxy. A much 
larger radio receiver, 25 meters in aper- 
ture, is now under construction in Hol- 
land. 

Ordinarily, the radio telescope is 
fixed at a given declination, in the 
meridian, and the earth’s rotation 
causes the sky to sweep across the 2.8- 
degree cone of reception. The result- 
ing effect is recorded automatically on 
strips of paper. The preliminary ob- 
servations have shown a great width 
of the galaxy as an emitter of 21-cm. 
radiation, especially in the direction of 
the galactic center (top of Fig. 1). For 
instance, at the celestial equator, the 
width of the Milky Way band from 
which emission is recorded is some 30 
degrees wide, whereas in this region 
the visible Milky Way is less than half 
as wide. 


This is rather remarkable, because 


The wave 


guide connecting to the horn shown above comes in the window at the left. 
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the distribution of the ordinary photo- 
graphic hydrogen glow, produced by 
Balmer jumps of interstellar atoms, is 
very greatly concentrated toward the 
central line of the Milky Way — if 
anything, it appears narrower than the 
‘starry band we see with our eyes. The 
explanation must be either that the 
ground-level hydrogen is distributed in 
a very different manner from the Bal- 
mer-jump hydrogen, or that we cannot 
see very deeply into the interstellar hy- 
drogen mass when we tune our instru- 
ments to 21 centimeters. 

The first explanation is not very 
reasonable. The Balmer jumps are pro- 
duced by hydrogen atoms that spend 
most of their lives as ground-level 
atoms; there is no intrinsic difference 
between the two. <A ground-level atom 
becomes excited or ionized when it is 
struck by a quantum of light from a 
distant star. It then produces a series 
of cascading jumps, emitting the Balmer 
lines which we can photograph. Finally, 
after a very small fraction of a second, 
it returns to one of the two hyperfine- 
structure levels of the ground state, and 
it remains there for many years. Hence, 
the distribution of the hydrogen atoms 
should not be greatly different in space. 
Only when the hydrogen atoms happen 
to be near very hot stars are they more 
often excited and ionized than would 
otherwise be the case. The photographi- 
cally intense nebulosities are always lo- 
cated in the vicinity of such stars. 

The second explanation is undoubt- 
edly the correct one. Suppose that our 
radio instruments cannot penetrate very 
deeply into the Milky Way; then its 
width will appear great. The effect is 
the same as when you drive along a 
dusty road at night. When the dust is 
very thick, your headlights illuminate 
the murky mass close to your car and 
the diffusely illuminated band is broad. 
But when the dust is thinly distributed, 
the illumination extends all the length 
of the road and the band is narrow. 

In the light of the Balmer lines of 
interstellar hydrogen, when on the av- 
erage only one out of 10!* atoms partici- 
pates in the emission, we can see to 
great distances, our vision being ob- 
structed only by intervening dark 
clouds of cosmic dust or smoke. But, 
as with thick dust over a roadway, so 
many atoms take part in the 21-cm. 
radiation that the medium becomes 
opaque, or self-absorbing, at a relatively 
short distance. 

The most recent determination of the 
width of the Milky Way in hydrogen 
21-cm. radiation is by Christiansen, as 
shown in Fig. 2. The maximum falls 
in the direction of the galactic center, 
but the distance to which we can pene- 
trate is, according to a recent paper by 
J. P. Wild (Astrophysical Journal, 
March, 1952), only.4,000 light-years, 
while the center itself is known to be 
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Fig. 1. The intensity of 21-cm. radia- 
tion from Dutch observations. Inten- 
sity is the vertical scale; time runs hor- 
izontally at 20-minute intervals. The 
upper scan is toward the galactic cen- 
ter. The lower scan is nearly along 
the line ZA of Fig. 4, as described in 
the text. 





























from 25,000 to 30,000 light-years away. 

Therefore, it would seem that the 
new radio method permits us to explore 
only the nearer portions of the Milky 
Way galaxy, despite the fact that the 
dust clouds (which are serious obstacles 
to explorations in visible light) present 
no obstacle to the long waves of radio. 
These waves bend around the grains of 
cosmic dust as they do around snow 
crystals in the atmosphere of the earth. 
The dark nebulae of the famous Milky 
Way photographs by Barnard and by 
Ross do not exist in the domain of 
radio astronomy! Nor do terrestrial 
clouds, or even daylight, interfere with 
the observations. The radio astronomer 
can work as well in cloudy Europe as 
he can on the clearest mountaintop. 
The only interference he tries to escape 
comes from man-made electrical dis- 
turbances; most of these can be avoided 
by shielding the instruments behind 
metal screens. 

There is, however, another factor 
that makes it possible to use 21-cm. ob- 
servations for analysis of the strycture 
of the galaxy. This factor is thé=Dop- 
pler effect of the differential rotation of 
the galaxy, and the remainder of this 
article briefly discusses the method of 
observation involved. 

Just as in the case of optical spectral 
lines, the radio line at 21 centimeters 
is not infinitely narrow. The width of 
the line can be found when the radio 
receiver is gradually tuned off the true 
frequency of about 1,420 megacycles 
per second. This effect of broadening 
of the line (which is not to be confused 
with the width of the Milky Way) is 


Fig. 2. The variation of 
2l-cm. radiation along 
declination 30°, ob- 
served by W. N. Chris- 
tiansen (unpublished). 
The triangles are for di- 
rections south of the 
galactic plane, the cir- 
cles for points north of 


(arbitrary units) 





caused by the irregular motions of the 
hydrogen atoms in interstellar space, of 
which the line-of-sight components are 
+5 kilometers per second. These mo- 
tions cause innumerable little Doppler 
displacements which are determined by 
the famous relation: 


Velocity of atoms 


~~ Velocity of light 


Change of wave length 





Wave length 


In our case the wave length is about 
21 centimeters. The ratio on the right 
side is 5/300,000. Thus, an average 
atom tunes in at a wave length that may 
be short or long about 0.0003 centi- 
meter. Can we tune the radio receiver 
with sufficient precision to recognize 
this small difference? It appears that 
we can. 

The foregoing paragraph describes 
the application of the Doppler factor to 
the broadening of the 21-cm. line re- 
sulting from random motions of the 

“emitting hydrogen atoms. The actual 
probing of the galaxy, however, is ac- 
complished because theresis additional 
Doppler effect thatad@ ion the dis- 
tance of the emitting 
observe them in certain“G@aeae 

The Doppler shift caff 
motions of approach or r N 
we look toward or away from the 
galactic center, all the relative motions 
of galactic bodies in rotation around the 
center are parallel to our own motion 
of rotation; hence, there is no compo- 
nent to be recorded as a Doppler shift. 
But at angles near 45 es from this 
direction there are maximum line-of- 
sight components in the relative motions 
of the different spiral arms, as_ illus- 
trated by Fig. 3. This is a well-known 
effect by which the differential rotation 
of the galaxy has already been studied 
with ordinary spectrograms of distant 
stars. 

The diagram by Oort (Fig. 4) illus- 
trates what may happen for a region 
(4) of the galaxy half as far from the 
galactic center as we are but in a direc- 
tion 30 degrees from the galactic center 
at C. Let the sun be at Z. The com- 
ponents of the galactic rotation along 
the line joining Z and 4 are shown by 
two dissimilar arrows; the difference 
between their lengths measures the 
Doppler shift. Thus, the observed fre- 










quency at 4 is shifted redward by the 
equivalent of about 60 kilometers per 
second. 


If we wish to observe the 
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it. From the “Astro- 
physical Journal.” 
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Fig. 3. As a result of galactic rotation, 

shown by the solid arrows, regions of 

the galaxy in various directions have 

motions relative to the sun shown 

roughly by the open arrows. The ga- 

lactic center is toward the bottom of 
the page. 


ground-level hydrogen located at 4, 
about 8.7 kiloparsecs from the sun, we 
must tune in, not at 21 centimeters, but 
at a longer wave length. 

The lower part of Fig. 4 shows how 
the relative Doppler displacement 
changes along the line ZA, and beyond 
to a point 17 kiloparsecs distant and 
about as far from the center of the 
galaxy as we are. ‘Thus, by a proper 
choice of wave length, we can select 
any region along this line of sight for 
analysis in 21-cm. radiation. 

If we should gradually change the 
tuning of our receiver from 21 centi- 
meters longward, we would at first de- 
tect radiation that comes from nearby, 
where the galactic rotation is sensibly 
the same as that of the sun. Then we 
would gradually record more and more 
distant regions. As we would do so, 
the width of the Milky Way as observed 
by this radio energy would become pro- 
gressively narrower; finally, it would 
become so narrow that it would subtend 
less than the 2.8-degree angle of the an- 
tenna receiver and the recorded inten- 
sity would decrease. 

The actual observations must be made 
with a narrow and fixed tuning at any 
one sweep of the sky. The preliminary 
sweeps of Fig. 1 may now be compared. 
The upper half is very broad and indi- 
cates that the observations do not ex- 
tend very far in the direction of the 
galactic center. The lower half shows 
the result of a sweep for a tuning at 
a wave length considerably greater than 
the normal value and in a direction cor- 
responding to that of region 4 in Fig. 
4. The apparent width of the Milky 
Way is now quite small — it crossed the 
antenna meridian in less than an hour 
—as Oort and Muller had predicted 
for distances of the order of 30,000 
light-years. According to recent infor- 


mation from Dr. Oort, the observations 
by Muller now extend to about that 
distance, but soon he should be able to 
Renetrate clear through our Milky Way 
spiral. 

“Thus, by simply tuning in upon a 
wave length that corresponds to a 
known value of the galactic rotation 
effect, we can render invisible the nearer 
clouds of hydrogen and examine those 
clouds that lie at a tremendous distance 
from us. If, for example, there should 
be a large cloud of neutral hydrogen 
at point 4 of Fig. 4, the sweep of the 
sky made with the proper tuning would 
reveal an abnormally high maximum of 
intensity in the curve corresponding to 
the lower part of Fig. 1. No such 
peak intensity would be observed with 
a slightly different tuning, but tunings 
for substantially different distances 
would have peaks of intensity indicating 
other hydrogen clouds where they exist. 

In galactic longitude 50°, that is, 
roughly in the direction of Cygnus, 

Muller has found inside the broad hy- 
drogen emission belt (which must cor- 
respond to Morgan’s nearby spiral arm, 
described in Sky and Telescope for 
May, 1952) two other hydrogen con- 
densations which appear to approach us 
(or we them) with velocities of 60 and 
90 kilometers per second, respectively. 
Oort concludes that these concentrations 
may correspond to spiral arms at dis- 
tances of 20,000 and 30,000 light-years, 
well outside of the nearby arm. 
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Fig. 4. The net Doppler effect in a di- 
rection 30° from the galactic center. 


The radio observations confirm the 
great abundance of hydrogen in inter- 
stellar space, on the average about one 
atom for every two cubic centimeters. 
The vast majority of these atoms are 
concentrated in diffuse clouds which 
may be 10 times as dense as the space 
average. Not self-luminous in visible 
light (except where close to hot stars), 
these clouds shine only in the 21-cm. 
wave length and have a temperature of 
about 35° absolute, in good agreement 
with a theoretical determination by L. 
Spitzer, Jr. Following B. Stroemgren, 
we designate these gaseous clouds as H I 
regions, while the Balmer-emission 
clouds are called H II regions. 





Nores ON THE IAU 


HE International Astronomical Un- 

ion, meeting for its eighth general 
assembly in Rome, Italy, will convene 
on the morning of September 4th, and 
adjourn on the 13th, according to in- 
formation received concerning the ten- 
tative program. The hosts are the Ital- 
ian scientists, especially the astronomers, 
of the Italian national research council, 
the Consiglio Nazionale delle Ricerche, 
and sessions will be held at its head- 
quarters and at the Faculty of Physics 
and Mathematics at the nearby Uni- 
versity City (Citta Universitaria). The 
inaugural ceremony will be in the Pa- 
lazzo dei Conservatori, Campidoglio, in 
the presence of the president of the 
Italian Republic. 

Symposia on stellar evolution, astro- 
nomical instrumentation, and the as- 
trometry of faint stars, will be held 
during the assembly. The program for 
these days also tentatively includes a 
number of visits to places of astronomi- 
cal interest: to the Vatican Observatory 
at Castel Gandolfo, where there will be 
a group audience with His Holiness 
Pope Pius XII; to the national com- 
putation center (the Istituto Nazionale 
di Calcolo); to the museum and ob- 
servatory of Monte Mario. Following 
the assembly, excursions are planned to 


MEETING IN ROME 


L’Aquila degli Abruzzi and the nearby 
Gran Sasso branch of the Monte Mario 
Observatory at Campo Imperatore (see 
Sky and Telescope, September, 1951), 
and to Padua and its branch observatory * 
at Asiago, in the foothills of the Dolo- 
mites. 

From September 14th to 19th, fol- 
lowing the IAU_ meetings, there will 
be a special series of meetings organized 
by the Accademia dei Lincei on problems 
of solar physics, with a number of in- 
vited papers. These will be held first 
at the academy’s headquarters in Rome, 
and for the last three days in Florence 
at the Arcetri Astrophysical Observa- 
tory. All astronomers are invited to 
attend these meetings. 

The committee on arrangements for 
the IAU meeting is under the direction 
of Prof. Lucio Gialanella, vice-director 
of the Monte Mario Observatory, who 
is secretary-general for the executive 
committee of the meeting. He may be 
reached at the Consiglio Nazionale delle 
Ricerche, Piazzale delle Scienze, n. 7, 
Roma, Italia. In the United States, in- 
formation may be obtained from Dr. 
J. J. Nassau, Warner and Swasey Ob- 
servatory, East Cleveland, Ohio, who is 
chairman of the United States national 
committee of the IAU. 
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NEWS NOTES 


TECHNETIUM IN THE STARS 

Technetium, element 43, originally 
discovered in nuclear experiments and 
then identified on the sun (Sky and Tele- 
scope, September, 1951, page 272), has 
now been found in some unusual stars. 
At the National Academy of Sciences 
meeting in April, Dr. Paul W. Merrill, 
of Mount Wilson and Palomar Observ- 
atories, reported that several lines of 
neutral technetium had been found in 
spectra of S-type stars taken by him with 
the 100-inch telescope, and more recent- 
ly in spectra taken by Dr. I. S. Bowen 
with the 200-inch. The lines were par- 
ticularly strong in certain variables with 
periods of about a year. 

This is a surprising discovery in view 
of the fact that technetium is unstable, 
having a half life of several hundred 
thousand years. The stellar form of the 
element may be more stable, or the stars 
rich in the heavy elements zirconium and 
barium may somehow produce technet- 
ium as they go along, or S-type stars 
may represent a transient phase of stellar 
existence, Dr. Merrill suggested. 


ATOM BUILDING IN 
HOT STARS 

High-luminosity main-sequence stars 
of types O and B are believed to exhaust 
their hydrogen supply within about a 
billion (10°) years or less by the con- 
version of hydrogen into helium by means 
of the carbon-nitrogen cycle. After this 
source of energy has been exhausted, the 
star contracts under its own gravitation, 
and most theories have required that its 
temperature reach a billion degrees be- 
fore another energy-generating process 
could set in. In the Astrophysical Jour- 
nal for March, E. E. Salpeter, of the 
Cornell University Laboratory of Nu- 
clear Studies, describes one nuclear proc- 
ess that requires only 200 million de- 
grees, a temperature that is reached a 
few million years after the contraction 
has begun. 

A series of two reactions converts three 
helium nuclei into one carbon nucleus: 

He+HaAt+ 95 kev>Be8 + y 
Het + B&>C? + y + 7.4 mev 


In the first of these, the beryllium pro- 
duced is unstable and most of it breaks 
down into two helium nuclei again. But 
as the energy required for the first re- 
action is available at temperatures over 
100 million degrees, the author finds that 
one part in 10!° of the material of the 
star is kept in the form of Be®, in dynam- 
ic equilibrium. This beryllium easily 
absorbs a helium nucleus to form carbon, 
with the emission of energy as shown in 
the second reaction. In fact, under the 
same circumstances, successive absorp- 
tions of helium can produce oxygen, 
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neon, magnesium, silicon, and heavier 
elements in decreasing amounts. 

Thus, it may be that ‘a few per cent 
of all visible stars of mass five times the 
sun’s or larger are converting helium 
into heavier nuclei, the central tempera- 
ture being about ten times larger (and 
radius ten times smaller) than that of 
a main-sequence star of the same mass.” 


VOLCANOES AND WEATHER 


The absence of major volcanic explo- 
sions in the Northern Hemisphere in 
the past 50 years may account for the 
tendency for this part of the earth’s sur- 
face to have grown warmer in that time. 
In Scientific American for April, Dr. 
Harry Wexler, U. S. Weather Bureau, 
points out that a single volcanic explo- 
sion can block as much as 20 per cent 
of the incoming solar radiation, and may 
substantially reduce the heat received at 
the earth’s surface for as long as three 
years. 

A long series of explosions, such as 
those of Krakatoa, Tarawera, Bandai 
San, Bogoslof, and Awoe extending 
from 1883 to 1892, can bring on severe 
winters; perhaps a really long and vio- 
lent series can give rise to an age of ice. 
The Krakatoa explosion in the Dutch 
East Indies on August 27, 1883, threw 








IN THE CURRENT JOURNALS 


TURBULENCE IN SPACE, by George 
Gamow, Scientific American, June, 1952. 

. it now appears that but for the 
cosmic turbulence of the universe, nei- 
ther we nor our planet nor the universe 
as we know it would be in existence.” 


THE SATELLITES OF JUPITER, by 
Seth B. Nicholson, The Griffith Observ- 
er, May 1952. “The story of this fa- 
mous discovery [the four innermost 
moons] is best told in Galileo’s own 
words which are quoted here... . The 
four outer satellites are so small and so 
far from Jupiter that an observer on 
the planet itself would require a 6-inch 
telescope to see them.” 


THE WORLD’S HIGH ALTITUDE 
LABORATORIES, by Serge A. Korff, 
Physics Today, May, 1952. “A recent 
survey article on high altitude labora- 
tories [especially for cosmic ray studies] 
has elicited so much correspondence 
that it was thought worth-while to pre- 
sent today’s roster of such stations in 
tabular form.” 


PLANETARY ATMOSPHERES, by 
William Buscombe, Leaflet No. 277, As- 
tronomical Society of the Pacific, May, 
1952. “The pioneers of tomorrow may 
find conditions on Venus, the moon, or 
Mars not utterly unfavorable for short 
exploratory visits, if they take along 
with them a goodly supply of their 
home-planet’s atmosphere.” 





some 13 cubic miles of rock, dust, and 
ash into the air. Clouds of the fine 
volcanic ash rose 20 miles or more and 
drifted around the world, affecting at- 
mospheric transmission for three years 
at such distant places as southern 
France. 

The volcanic ash may provide nuclei 
for cloud formation, in the manner of 
modern rainmakers, thereby intensifying 
the overall shielding of the earth’s sur- 
face from solar warmth. 

Although geological records show no 
consistent connection between periods of 
volcanic activity and the ice ages, the 
former may nevertheless be a factor in 
long-period climatic changes, Dr. Wex- 
ler believes. However, the amount of 
ash required to cut solar radiation by 
20 per cent, if discharged by volcanoes 
each year for 100,000 years, would make 
a layer of dust only 1/50 inch thick. 


ETA CARINAE BRIGHTENING 


One of the most remarkable novae 
in the sky, Eta Carinae, appears to be 
brightening again, according to a press 
release published in the University of 
California Clip Sheet. At the Common- 
wealth Observatory in Australia, Dr. 
Olin J. Eggen, visiting from Lick Ob- 
servatory, and Dr. Gerard de Vaucou- 
leurs looked for the star and found it 
four times as bright as they had ex- 
pected. Dr. Eggen thereupon examined 
the star with his photoelectric equip- 
ment, and he reports it brightening 
slowly. 

Eta Carinae is an unusual type of 
nova. In the 17th century it was prob- 
ably a star of the 3rd or 4th magni- 
tude. Very scattered observations be- 
tween then and 1835 suggest that it may 
have been variable between the 1st and 
4th magnitudes. In 1835, it had 
brightened to the 1st magnitude, and it 
became gradually more luminous to a 
maximum of visual magnitude —1 by 
1843, closely rivaling Sirius. It  re- 
mained brighter than ist magnitude for 
over 20 years. Since 1900 it has, until 
now, been an 8th-magnitude star. 

Changes in this Southern Hemisphere 
star will be watched with interest. 


SUPER-SCHMIDT TELESCOPE 
DESIGNER HONORED 


The Magellanic medal of the Amer- 
ican Philosophical Society will be 
awarded in November to Dr. James G. 
Baker, research associate at Harvard 
College Observatory and consultant for 
the . Perkin-Elmer Corporation, for his 
successful design and completion of the 
super-Schmidt meteor camera (Sky and 
Telescope, July, 1951, page 219). Two 
such instruments have been operating 
successfully at the Harvard meteor sta- 
tions near Las Cruces, N. M., for some 
time. 








A negative print of the flash spectrum in the neighborhood of the head of the Balmer series of hydrogen. 





This was 


taken at the eclipse of February 25, 1952, by astronomers of the High Altitude Observatory. 


Flash Spectrum Expedition 


By Joun W. Evans, High Altitude Observatory 


HE High Altitude Observatory 

eclipse expedition, consisting of 

Robert H. Cooper, Robert H. Lee, 
and the writer, set out on January 7, 
1952, to observe the total solar eclipse 
of February 25th at Khartoum in the 
Sudan. We went as members of the Na- 
val Research Laboratory eclipse group. 
The principal object of this large ex- 
pedition was to obtain simultaneous 
data at radio and visible wave lengths 
which would lead to a knowledge of the 
temperature and density gradients of 
free electrons in the chromosphere. Our 
own task, which was done under con- 
tract with the Naval Research Labora- 
tory, was to observe the spectrum of the 
chromosphere, the flash spectrum, which 
is visible for only a few seconds at sec- 
ond and third contacts, when the moon 
occults the visible disk of the sun and 
leaves the chromosphere exposed to 
view. 


We found the whole Naval Research 


Laboratory group a delight to work 
with. We immediately became an_in- 
tegral part of the expedition and from 
beginning to end we received help at 
every stage. Although we came home 
somewhat the worse for wear in body 
and mind, with a firm determination to 
let someone else go next time, the deter- 
mination has weakened already. 

Our preparations at the High Allti- 
tude Observatory started in May, 1951. 
We had three objective-grating spectro- 
graphs to build and mount on an equa- 
torial spar which had been built to carry 
various solar instruments on a_ good 
solid pier in a nice quiet observatory. 
Along about September we realized we 
should have started in May, 1950, and 
were wondering how we ever thought 
we could have our equipment ready for 
shipment by November. Fortunately, 
our work was much reduced by the gen- 
erous loan of two beautiful Ross lenses 
from the Lick Observatory, and a 24- 


inch pyrex mirror blank (to be replaced 
later) from the Mount Wilson Ob- 
servatory. David Richardson, of the 
Bausch and Lomb Optical Company, 
did a rush job on two remarkably per- 
fect gratings, and the Harvard College 
Observatory loaned a third. 

The three spectrographs were to 
cover the ultraviolet, visible, and near 
infrared spectral regions, respectively. 
They were all of 60-inch focal length. 
The ultraviolet camera was a Schmidt 
system with a rectangular mirror 24 
inches long, 6% inches wide. The re- 
maining two cameras used the 4-inch 
Ross lenses. 

We were particularly interested in ob- 
serving the changes in the spectrum at 
different heights in the chromosphere. 
This can best be accomplished by Men- 
zel’s method of taking motion pictures of 
the spectrum as the limb of the moon 
moves across the chromosphere, covering 
it progressively from the bottom up at 
second contact or uncovering it from 
the top down at third contact. The prob- 
lem of moving the film during the o.1- 
second interval between exposures was 
difficult because we were using a heavy 
film strip 9% inches wide, rather than 





A general view of part of the eclipse camp at Khartoum, Anglo-Egyptian Sudan, showing radio equipment and the spec- 


trographs of the High Altitude Observatory (to the right of the tent). 


The three camp views are from Kodachromes 


taken by Robert H. Lee, High Altitude Observatory. 
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the light 35-mm. film of the conven- 
tional motion picture camera. For the 
purpose, Cooper devised an ingenious 
pneumatic film magazine in which the 
only moving parts were the film itself 
and the leaves of a focal-plane shutter. 
The film was literally blown past the 
film gate by a powerful draft from a 
battery of household vacuum cleaners 
controlled by external _ electrically 
operated valves. This “slurp” mecha- 
nism worked beautifully in the labora- 
tory at Boulder, but we found that the 
sliding valves could be easily jammed 
by the blowing sand of the Sudanese 
desert. 

By superhuman efforts on the part of 
our instrument makers, opticians, elec- 
tronics engineers, and (toward the last) 
secretaries, the equipment was finished 
and packed by November ist. It was 
shipped to the Sudan by sea with the 
Naval Research Laboratory equipment. 
We arrived at Khartoum on January 
13th via Military Air Transport Serv- 
ice with the rest of the NRL expedition. 

Several expeditions from _ various 
countries were already there, and others 
kept coming right up to the week be- 
fore the eclipse. Most interesting to 
us were the combined project of Drs. 
Redman, Zanstra and Houtgast, and 
that of Dr. Abetti. They were plan- 





fd 


ning to observe the chromosphere with 
both slit and slitless spectrographs, and 
would obtain results comparable with 
our own. However, we witnessed the 
strange phenomenon of scores of as- 
tronomers in one place, all too busy to 
stop and talk any astronomy except for 
the eclipse. They had a deadline to meet 
that could not be postponed, and were 
singlemindedly sticking to business. I 
am sure they all felt a sense of lost op- 
portunity as keenly as we, but the work 
had to be done, and most of the equip- 
ment was barely ready in time. 

Nevertheless, the eclipse astronomers 
held four meetings at the University 
College in Khartoum, discussing radio 
astronomy on January 23rd, the chromo- 
sphere on January 28th, positional as- 
tronomy and geodetic work on the 30th, 
and the corona on February 4th. The 
reports given at these meetings, which 
described various expedition equipment 
and observing programs, have been pub- 
lished in The Observatory for April, 
1952. 

The site selected for our instruments 
was about three miles south of the city 
on the open desert. We found it very 
hot, and the sand carried by the unob- 
structed wind was a serious nuisance 
which continually threatened damage to 
any unprotected parts of our delicate 
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The spectrographs of the High Altitude Observatory. Robert H. Cooper is 
working on the instruments; David Hawkins, Naval Research Laboratory, is 
at the right. 
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optical equipment. The discomfort of 
our days at the observing site was miti- 
gated, however, by the luxury of the 
Grand Hotel where we stayed, sur- 
rounded by shade trees and waiters 
with lemonade and other cooling con- 
coctions. 

The work of setting up our instru- 
ments proceeded steadily. The antici- 
pated unforeseen difficulties and emer- 
gencies duly appeared, and were suc- 
cessfully dealt with. Dr. Hagen’s group 
assembled their highly elaborate radio 
gear with an amazing lack of fuss or 
pressure, and were running tests days 
before the eclipse. 

On the night of February 14th, at 
12:15 a.m., I had the misfortune (a 
polite term for absence of good sense) 
to fall from the spectrograph mounting 
and break my leg, not having been inoc- 
ulated for this particular malady. This 
left us in a rather critical situation, 
since all the optical adjustments of our 
spectrographs still remained to be done, 
and this work was my particular prov- 
ince. The doctors and staff at the very 
modern Khartoum Civil Hospital, how- 
ever, did everything possible to help. 

I set up a micrometer microscope on 
a table beside my bed of exasperation 
to measure our focus films and compute 
correct focal settings for all three spec- 
trographs. By the 18th I was permitted 
to start going back and forth to the 
observing site (in a car generously pro- 
vided by Dr. G. Van Biesbroeck, of 
Yerkes Observatory) and could hobble 
around on crutches, dragging my cast 
behind me, so to speak. It was Cooper 
and Lee, however, who saved our proj- 
ect. They worked inhuman hours, day 
and night, and endured my worried 
heckling with unvarying patience, keep- 
ing me in a comfortable chair with my 
leg on a pillow much of the time. By 
eclipse day I had gotten used to the 
cast and the crutches and could get 
around with some semblance of agility. 

Four hours ahead of the eclipse, af- 
ter a full night of work, we were all 
ready. Many things were unchecked. 
The focus particularly worried us. We 
had focused by the Hartmann method, 
which required only one exposure for 
each spectrograph, and measurements 
from which the correct focus could be 
calculated. There had been no time, 
however, for any exposures to confirm 
the accuracy of this procedure. We had 
had no opportunity for any rehearsal 
or drill of any sort. After a good break- 
fast we huddled, and divided up the 
responsibilities. They fell mainly to 
Cooper and Lee. My own job was to 
watch the spectrum of the vanishing 
crescent of the sun as totality ap- 
proached, and give the word to start 
when the photospheric continuum dis- 
appeared. Lee would then press the 
button that started the automatically 
controlled program of exposures. Dur- 








ing totality Cooper was to change the 
pointing of the spectrograph unit from 
the east to the west limb. The rest was 
up to the machinery. 

A few minutes before totality Cooper 
glanced through the sighting telescope 
to find that someone had carelessly 
bumped the instrument and knocked it 
off the sun, but it was easily realigned. 
Lee diplomatically waited until after 
the eclipse to tell us that the electronic 
oscillator which controlled the right- 
ascension drive motor had failed. As an 
electronics expert he is always suspicious 
of vacuum tubes, and had forehandedly 
provided a spare oscillator, which he 
then connected by the flick of a switch. 

Ten seconds before the predicted time 
of second contact our exposures began. 
I sat in a camp chair with my back 
against a heavy crate (so I could not 
tip over at the wrong moment) and 
watched the band of photospheric con- 
tinuum shrink down. Strangely, it was 
a moment I had been dreading for some 
months. Often the instant of onset of 
totality is confused by the presence of 
Baily’s beads, light shining through 
lunar valleys. This would have compli- 
cated the job and made it difficult to 
decide the correct moment to start the 
program. No such trouble appeared, 
however. The photospheric spectrum 
contracted smoothly and continuously 
until it vanished, and I could give the 
word with complete confidence. I 
watched the bright lines of the flash 
spectrum appear and quickly fade out, 
except for the few brilliant high-level 
lines, in a startlingly short time. It 
seemed like but a fraction of a second, 
and I fully appreciated the term ‘“‘flash 
spectrum” at that moment. After the 
exposures for second contact were over 
I anxiously watched Cooper operate the 
mechanism that shifted the spectrographs 
to the west limb. He did it with the 
utmost deliberation and it must have 
taken him 10 seconds that seemed like 
as many hours. We then took two ex- 
posures of 10 and 30 seconds to record 
the coronal emission lines. After that 
our responsibilities were over. We 
watched the truly gorgeous corona until 
the cameras began to click again for 
the flash at third contact. A few sec- 
onds later it was all over. The limb of 
the sun reappeared. Everyone relaxed, 
and began wandering around asking 
everyone else if his equipment had run 
well (it had in every case). The radio 
observers were still hard at it, since 
their program ran through the partial 
phases and for some hours beyond. But 
they were happy. Totality was the most 
important phase, and they had obtained 
beautiful records of it. 

After the eclipse we made exposures 
on a standard lamp to provide calibra- 
tions which would permit us to deter- 
mine the intensities of the chromospheric 
lines quantitatively. On the 26th when 





The author, although handicapped, is here adjusting the slit on the collimator. 


we unloaded our magazines to develop 
the film, we discovered that the film 
transport had not functioned for these 


exposures. The eclipse spectra were 
there, however, although there were 
several double exposures. Subsequent 


examination showed that they were, on 
the whole, excellent, and in good focus. 
The infrared films were definitely un- 
derexposed, giving only a faint record 
of the Paschen hydrogen series and sev- 
eral brighter lines. The visible and ul- 
traviolet were both well exposed and 
the spectra were beautiful. The loss of 
our calibrations was not serious, as they 
could be repeated. 

The following night we made our 
calibration exposures over. Since we had 


only two days to disassemble the instru- 
ment and pack it, we left the develop- 
ment to be done at home. With the help 
of a gang of Sudanese workmen, we 
finished the packing on time, and hap- 
pily boarded the MATS plane. 

We now have a long and interesting 
job ahead of us. The films will be traced 
with a microphotometer to determine 
the intensities of the lines at different 
heights in the chromosphere at several 
points on the solar limb. Our primary 
aim is to determine the temperature and 
the density of the free electrons in the 
chromosphere as a function of height. 
However, the films naturally contain 
much more information than this, and 
it will take some time to extract it all. 





GALILEO’S VISITS TO ROME 
(Continued from page 213) 


denounced to the Holy Office. Thus was 
the stage set for the tragedy of Galileo. 

On February 19, 1616, 11 qualifiers 
of the Holy Office were asked for their 
opinion on two propositions extracted 
from the book. These clergymen were 
experts in sacred theology and not in 
natural science, and it is typical of the 
times that their opinion was asked and 
given not so’much on the scientific evi- 
dence for the theory as on its theological 
implications. On February 24th these 
consultors submitted to the cardinals, 
members of the tribunal of the Inqui- 
sition, the following unanimous opinion. 

1. The proposition that the sun is the 
center of the world and is entirely im- 
movable from its place is stupid and ab- 
surd philosophically, and formally hereti- 
cal, because it expressly contradicts state- 
ments made in many places of Sacred 
Scripture, according to the literal meaning 
of the words and according to the common 


explanation and opinion of the Holy 
Fathers and learned theologians. 

2. The proposition, that the earth is 
neither the center of the world nor im- 
movable, but that it moves as a whole 
and also with a diurnal motion, is open 
to the same censure in philosophy and, 
theologically considered, is at least erro- 
neous in faith. 

The next day Pope Paul V presided 
over the usual Thursday plenary ses- 
sion of the cardinals of the Inquisition, 
in the Dominican Convent of Santa 
Maria sopra Minerva, in Piazza Miner- 
va near the Pantheon. The verdict of 
the consultors was accepted, and the 
Pope asked Cardinal Bellarmine to send 
for his friend Galileo and advise him 
to relinquish his opinion. Failing that, 
the Dominican commissary of the Holy 
Office was to command Galileo in the 
presence of witnesses thenceforth not to 
teach, defend, or discuss this opinion 
verbally or in writing, under pain of 
imprisonment. 


(To be concluded) 
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URING tthe total solar eclipse of 
February 25th, a B-29 Superfort 
flew about six miles high over the 

Red Sea and Saudi Arabia, operating 
as part of the U. S. Air Force eclipse 
expedition under the leadership of Col. 
Paul C. Schauer, commander of the 
Aeronautical Chart and Information 
Service. It carried three groups of sci- 
entists, all making observations for re- 
search programs sponsored by the Geo- 
physics Research Division, Air Force 
Cambridge Research Center, Air Re- 
search and Development Command. 
The three programs consisted of spec- 
trographic observations of the radiation 
from the earth’s upper atmosphere, 
measurements on the polarization of the 
light coming into the shadow from the 
sunlit portion of the atmosphere during 
the eclipse and studies of the airglow 
spectrum, and sky brightness measures 
extending to about 30 degrees from the 
sun for detection of the zodiacal light. 

Most of the instruments were 
mounted in the project plane and given 
preliminary testing at Griffiss Air Force 
Base in Rome, N. Y., after which the 
plane was flown to Saudi Arabia. It 
was based at Dhahran for a week before 
the eclipse, where final adjustments and 
test flights were made. 

During the month of February an 
occasional sandstorm occurs in this area, 
and on February 22nd and 23rd 
Dhahran experienced such a_ storm. 
The scientific equipment, safely enclosed 
in the B-29, was kept free of dust, how- 
ever, and the storm had completely set- 
tled by the 25th, which was quite clear 
at Dhahran. 

The members of the expedition de- 
cided to observe the eclipse near the Red 
Sea (western) coast of Saudi Arabia. 
There are few accurately positioned 
landmarks in the Arabian Desert, and 
because of the relative inaccuracies of 
celestial navigation, the navigator felt 
that the best method lay in picking out 
a point on the seacoast visually and by 
radar. 

About five minutes before second con- 
tact (the beginning of totality), which 
occurred about local noon, the plane was 
32,000 feet true altitude above the coast, 
heading roughly in a northeasterly di- 
rection. Its ground speed was a little 
over 350 miles per hour, so that the 
duration of the eclipse was increased 
from three to about 314 minutes. 

About one minute before the start of 
totality, the shadow was seen in the dis- 
tance moving over the surface of the 
earth as it approached the plane. ‘The 
pilot, Capt. O. Knapp, and_ copilot, 
Capt. B. Fielder, reported a magnificent 
view of the receding shadow of the 
moon after totality, as it whisked away. 

The following preliminary accounts 
describe the scientific work undertaken, 
and the various observations made from 
the B-29. 
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ECLIPSE OBSERVATIQ) 


THE AIRGLOW SPECTRUM 


The experiments of the Ionospheric 
Laboratory of the Geophysics Research 
Division were under the direction of 
R. M. Chapman and N. C. Gerson, 
and were carried out by J. W. Cham- 
berlain. A Gaertner quartz spectro- 
graph, equipped with an evaporated step 
filter over the slit and having a disper- 
sion of about 200 angstroms per milli- 
meter at Hy, was mounted in the plane 
before it left the United States. <A 
plexiglas window that was essentially 
transparent for wave lengths greater 
than 3000 angstroms was specially in- 
stalled in the plane. The spectrograph 
was mounted in such a manner that 
when the plane flew along the path of 
the eclipse, the instrument would ob- 
serve the sky about 90 degrees from the 
sun, 

During the final week before the 
eclipse, in addition to instrument tests, 
spectrographic observations were made 
of the twilight sky and the daytime 
scattered light. These observations will 
eventually be measured by micropho- 
tometer and compared with those made 
during the eclipse. 

At eclipse time, just before, during, 
and just after totality, spectrograms of 
the light of the sky were made. Also, 
the sky 90 degrees from the sun was 
observed visually through polaroid. The 
indications were that the polarization 
was qualitatively the same as it is out- 


side of eclipse. No quantitative meas- 
ures were made, but if the scattered 
light is sufficiently polarized during an 
eclipse, a polarizing device could be used 
to increase the signal-to-noise ratio in 
spectrograms taken at a large angle from 
the sun. 

After the eclipse, the plane flew di- 
rectly to Tripoli, Libya, and the spec- 
trographic plates were developed there. 
The spectrum made during totality was 
considerably underexposed. These plates 
will soon be microphotometered in an 
effort to measure emission lines in the 
earth’s airglow spectrum and to obtain 
the intensity distribution with wave 
length of the scattered light. 

R. M. CHAPMAN 
J. W. CHAMBERLAIN 


Geophysics Research Division, AFCRC 





SKY SPECTRA 


Previous spectrographic observations 
have indicated the presence in sky spec- 
tra of some luminous emission in the 
extreme red of the visible region and 
in the near infrared region. We have 
obtained the previous data by spectro- 
graphs carried to 100,000 feet above the 
earth by means of large plastic balloons. 
The data are not quite conclusive, and 
it was the purpose of our University of 
Denver eclipse expedition group to at- 
tempt to obtain sky spectra at short in- 
tervals preceding totality and just sub- 





The optical section of the University of Denver eclipse spectrograph. The 
collimator section is in the lower left quarter; the light passes from there to the 
grating section in the lower right, thence to the films in the upper section. 
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NS FROM A B-29 


sequent to the reappearance of the sun, 
to observe any change in the ratio of 
disappearance and appearance intensities 
of the daylight luminescence. 

The instrument was a_ reflection 
grating spectrograph constructed for the 
expedition and for subsequent use in ob- 
servations from rockets. The spectro- 
graph was somewhat unusual in several 
features. It was automatic in opera- 
tion, even to being turned on five min- 
utes before totality by a time-clock 
switch mechanism, which was set two 
hours previous to totality and could 
have been set four hours before the be- 
ginning of observations. 

The spectrograph was an f/1.5  in- 
strument, and carried two camera sec- 
tions, one for the infrared region and 
a second for the ultraviolet. The colli- 
mator section consisted of a specially de- 
signed reflection system, lens corrected, 
in which a ruled cut line on the mirror 
surface of a quartz disk acted as the en- 
trance slit and the mirror served as part 
of the collimator reflection system. The 
quartz correction lens of a Maksutov- 
Bouwers type gave excellent correction 
for the incoming light despite the f/1.5 
value for the collimator system. 

Exposure sequences of four, 10, and 
25 seconds were obtained by the device 
of using a cam-operated focal-plane 
shutter on each of the cameras. At the 
beginning of each recording, a picture 
was taken of the master timing clock to 
indicate alongside each spectrum the 
exact time it was made. ‘The films 
were Eastman Linagraph Panchromatic 
for the ultraviolet and visible regions, 
Eastman 1-N for the extreme red and 
infrared, both 35-mm. film that was ad- 
vanced automatically at the conclusion 
of each timed sequence. 

To provide heat insulation, and there- 
by minimize condensation at the quartz 
window placed in the airplane as a port 
through which the spectrograph could 
look, the window was of double quartz, 
with the two elements separated by 1/8 
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The principal parts of the spectrograph 
pictured on the opposite page are iden- 
tified in this sketch. 


The University of Den- 
ver eclipse equipment 
installed in the B-29. 
The spectrograph is in 
the cylindrical container 
in the upper right. The 
external initiation con- 
trol panel is at the lower 
right. John G. Tomkin- 
son is checking the ap- 
paratus. 


inch. A similar precaution was taken 
in the mounting of photoelectric guard 
cells, so placed as to close the slit shut- 
ter should sunlight come within a 15- 
degree angle of the spectrograph slit 
before or after the period of totality. 
Despite our precaution with respect to 
the cooling of windows by the cold air 
encountered at 30,000 feet, the window 
of the spectrograph was partially ob- 
scured by frost condensed inside the 
plane, with a resulting reduced trans- 
mission. 

The spectroscopic equipment was de- 
signed and constructed at the University 
of Denver by Byron E. Cohn, Marvin 
FE. Juza, Theodore Maher, James 
Brooks, Dana T. Warren, Alfred God- 
dard, and Frank R. Speck. The pre- 





liminary tests at Griffiss Air Force Base 
were conducted by Mr. Cohn, Mr. 
Juza, and John G. Tomkinson. The 
latter two men accompanied the equip- 
ment to Dhahran. The expedition film 
was flown back to the United States 
and was developed in Denver. 

It is reported with regret that the 
eclipse observation did not give final 
and conclusive evidence of daylight 
luminescence from different rates of ap- 
pearance and disappearance, so this 
method of verification must be post- 
poned until the next solar eclipse. 
Meanwhile, the problem will be at- 
tacked from another direction with ex- 
periments conducted from rockets and 
balloons. Byron E. CoHNn 

University of Denver 





THE ZODIACAL LIGHT 


A total eclipse of the sun affords the 
opportunity for the observation of many 
phenomena which would otherwise go 
undetected, or which would require 
highly specialized apparatus for their 
study. Among these elusive items is 
the zodiacal light, or especially that part 
of it extending from about five degrees 
to 30 degrees from the sun. The part 
within five degrees of the sun (where 
it blends with the corona) can be pho- 
tographed with a coronagraph, while 
that part beyond 30 degrees can be pho- 
tographed when the sun is just below 
the horizon. However, light in the in- 
terval between five and 30 degrees from 
the sun along the glow (the glow here 
is presumed to exist though it has never 
been conclusively observed) is the really 
important part so far as theories of the 
origin of the zodiacal light are con- 
cerned. For this region the different 
theories yield their most divergent re- 
sults, and hence observational data here 
should give valuable information in de- 
termining the most satisfactory theory. 

The zodiacal light investigation car- 
ried on by the University of Colorado 
involved the problem of making obser- 
vations in the critical region during the 


eclipse. The camera, a_ powerful 
Schmidt-type instrument, was designed 
to yield photographs so that relative in- 
tensities and depolarization factors 
could be found from photometric studies 
of the negatives. 

On February 4th, the University of 
Colorado group traveled to Rome, 
N.Y., to install the eclipse equipment 
in the B-29, and then went on to Saudi 
Arabia. Analysis of the data is now in 
process, and should be completed some- 
time during this summer. 


W. B. PIETENPOL 


University of Colorado 


ED. NOTE: The University of Denver 
research reported here is under Contract 
W19-122 ac-16, and that of the University 
of Colorado is under Contract W19-122 
ac-9, both with the Air Force Cambridge 
Research Center, Air Research and Devel- 
opment Command. 

For a description of the activities of the 
Geophysics Research Division, AFCRC, 
see an article by Director H. E. Lands- 
berg in Weatherwise magazine for June, 
1952. Weatherwise is published bi-month- 
ly for the American Meteorological So- 
ciety, 3 Joy St., Boston 8, Mass. 
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Amateur Astronomers 


SOUTHEAST REGION MEETs AT BRADLEY OBSERVATORY 


The Southeast regional convention of 
the Astronomical League on May 17-18 
brought to Bradley Observatory at 
Agnes Scott College in Decatur, Ga., 
about 85 members and guests from six 
states. A highlight of the convention 
took place Saturday night, when dinner 
was served on the roof of the observa- 
tory. Clearing skies permitted the use of 
and comparisons among a battery of 


telescopes ranging in size from the 30- 
inch reflector in the observatory dome 
down to an RFT-in-arms. 

The Barnard Astronomical Society of 
Chattanooga will be host to the 1953 
regional convention. 

Regional officers for the coming year 
are: chairman, Richard C. Davis, North 
Carolina State College, Raleigh; vice- 
chairman, Chandler H. Holton, At- 








The Southeast regional convention, May 18, 1952. Photo by Lee Studio. 


lanta, Ga.; secretary, Mrs. Karel 

Hujer, Chattanooga, Tenn.; treasurer, 
P. O. Parker, Griffin, Ga. 

Acquaintances were formed and ideas 

exchanged during the meeting which 

should bear fruit in future growth and 

strength of this recently formed far- 
flung region of the league. 

C. H. Hotton 

167 Fourth St. N. W. 

Atlanta, Ga. 





THIS MONTH’S MEETINGS 


Dallas, Tex.: Texas Astronomical So- 
ciety. July 28, 8 p.m., field meet, home 
of Mrs. W. L. Oliver, 1446 Glen St. 

Indianapolis, Ind.: Indiana Astronomi- 
cal Society. July 6, 8 p.m., observation 
meeting, Butler University. Clark Hicks, 
“Our Moon.” 





OFFICERS OF THE AMATEUR 
ASTRONOMERS ASSOCIATION 


New officers of the Amateur Astron- 
omers Association for the year beginning 
June 1, 1952, were recently elected by the 
New York organization. Leo Matters- 
dorf is the new president, succeeding Dr. 
C. S. Brainin; vice-presidents are Mrs. 
Virginia Geiger, Hazel Boyd, W. Wallace 
Benjamin, and Jane S. Davis. George V. 
Plachy was re-elected secretary and Hen- 
ry T. Kirkebye, treasurer. 

Information about the Amateur Astron- 
omers Association, which celebrated its 
first quarter-century of activity this year, 
may be had by addressing the secretary 
at the society’s headquarters, American 
Museum of Natural History, New York 
26 eo. 








Planetarium N otes 


BALTIMORE: Davis Planetarium. Mary- 
land Academy of Sciences, Enoch Pratt Li- 
brary Building, 400 Cathedral St., Baltimore 
1, Md., Mulberry 2370. 

ScHepuLe: 4 p.m. Monday, Wednesday, and 
Friday; Thursday evening, 7:45, 8:30, 9:30 

.m. Admission free. Spitz projector. Director, 

aul S. Watson. 


BOSTON: Little Planetarium. Boston Mu- 
seum of Science, Science Park, Boston 14, 
Mass. Richmond 2-1410. 

ScHEDULE: Tuesday through Friday, 3 and 4 
.m.; Saturday, 11 a.m., 2, 3, and 4 p.m.; 

unday, 2, 3, and 4 p.m. Spitz projector. Act- 
ing director, John Patterson. 


BUFFALO: Buffalo Museum of Science 
Planetarium. Humboldt Parkway, Buffalo, 
N. Y., GR-4100. 

ScHepu.e: Sundays, 2:00 to 5:30 p.m. Ad- 
mission free. Spitz projector. For special lec- 
tures address Elsworth Jaeger, director of ed- 
ucation. 


CHAPEL HILL: Morehead Planetarium. 
University of North Carolina, Chapel Hill, N.C. 


Scnepute: Daily at 8:30 p.m.; Saturday 
and Sunday at 3:00 p.m. iss projector. 
Manager, A. F. Jenzano. 


CHICAGO: Adler Planetarium. 900 E. Ach- 
sah Bond Drive, Chicago 5, Ill., Wabash 1428. 


ScHepu.e: Mondays through Saturdays, 11 


a.m. and 3 p.m.; Sundays, 2:30 and 3:30 p.m. 
Zeiss projector. Director, Wagner Schlesinger. 


KANSAS CITY: Kansas City Museum 
Planetarium. 3218 Gladstone Blvd., Kansas 
City 1, Mo., Chestnut 2215. 

ScuepuLe: Saturday, 3:30 p.m.; Sunday, 
3:00 and 5:00 p.m. Spitz projector. Director, 
Charles G. Wilder. 


LOS ANGELES: Griffith Observatory and 
Planetarium. Griffith Park, P. O. Box 9787, 
Los Feliz Station, Los Angeles 27, Calif., 
Olympia 1191. 

ScHEDULE: Wednesday and Thursday at 
8:30 p.m.; Friday, Saturday, and Sunday at 3 
and 8:30 p.m.; extra show on Sunday at 4:15 
p.m. Zeiss projector. Director, Dinsmore Alter. 


NASHVILLE: Sudekum Planetarium. Chil- 
dren’s Museum, 724 2nd Ave. S., Nashville 
10, Tenn., 42-1853. 

ScHEDULE: Sunday, 2:45, 3:30, 4:15. Spitz 
projector. Director, William G. Hassler. 


NEW YORK CITY: Hayden Planetarium. 
81st St. and Central Park West, New York 24, 
N. Y., Trafalgar 3-1300. 

ScHepuLE: Mondays through Fridays, 2, 
3:30, and 8:30 p.m.; Saturdays, 11 a.m., 2, 3, 
4, 5, and 8:30 p.m.; Sundays and holidays, 2, 
3, 4, 5, and 8:30 p.m.; Wednesdays and Fri- 
days, 11 a.m., for school groups. Zeiss projec- 
tor. Chairman, Robert R. Coles. 


PHILADELPHIA: Fels Planetarium. Frank- 
lin Institute, 20th St. at Benjamin Franklin 


Parkway, Philadelphia 3, Pa., Locust 4-3600. 


ScHEDULE: Tuesdays through Sundays, 3 
p.m.; Saturdays, 11 a.m.; Saturdays, Sundays, 
and holidays, 2 p.m.; Wednesdays, Fridays, 
and Saturdays, 8:30 p.m. Zeiss projector. Di- 
rector, I. M. Levitt. 


PITTSBURGH: Buhl Planetarium and In- 
stitute of Popular Science. Federal and West 
Ohio Sts., Pittsburgh 12, Pa., Fairfax 4300. 

ScHEeDULE: Mondays through Saturdays, 
2:15 and 8:30 p.m.; Sundays and holidays, 
2:15, 3:15 and 8:30 p.m. Zeiss projector. Di- 
rector, Arthur L. Draper. 


PORTLAND, ORE.: Oregon Museum of 
Science and Industry Planetarium. 908 N.E. 
Hassalo St., Portland 12, Ore., East 3807. 

ScHebuLe: Saturday, Sunday, and Wednes- 
day, 4:00 p.m.; Tuesday, Thursday, and Fri- 
day, 8:00 p.m.; Saturday show for children 
only, 10:30 a.m. Spitz projector. Director, 
Stanley H. Shirk. 


SPRINGFIELD, MASS.: Seymour Plane- 
tarium. Museum of Natural History, Spring- 
field 5, Mass. 

ScHEDULE: Tuesdays, Thursdays, and Satur- 
days at 3 p.m.; Tuesday evenings at 8 p.m.; 
special star stories for children on Saturdays 
at 2 p.m. Admission free. Korkosz projector. 
Director, Frank D. Korkosz. 


STAMFORD: Stamford Museum Planetar- 
ium. Courtland Park, Stamford, Conn. 

Scuepute: Sunday, 4:00 p.m. Special show- 
ings on request. Admission free. Spitz pro- 
jector. Director, Ernest T. Luhde. 
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TERMINOLOGY T ALKS-!: Hucu Pruett 


Period-Luminosity Diagram 


Fundamental characteristics of the 
stars themselves, in the case of cer- 
tain variables, lead us to the equally 
important subject of distances and how 
they may be derived by means of the 
period-luminosity relation. 

It was found many years ago by 
Harvard astronomers that among the 
Cepheid variables in the Magellanic 
Clouds there exists a close relationship 
between such a star’s median bright- 
ness (average between maximum and 
minimum) and the period of time for 
a complete cycle of variation. If, for 
example, one star has a period of seven 
days and another of 10 days, the first is 
of a lower apparent brightness than the 
second. ‘The interesting story of this 
discovery and of the way it has since 
been used to determine the distance to 
faraway Cepheids is given in almost any 
astronomy text. 

This relation is actually one of period 
and intrinsic luminosity or absolute 
magnitude. ‘The stars in the Clouds 
are so far away, however, that they may 
all be considered to be at practically the 
same distance from us; therefore, as the 
accompanying diagram shows, merely 
by correcting for the distance of the 





Clouds (about 80,000 light-years), 
their apparent magnitudes may be con- 
verted to absolute magnitudes. The 
correction is 17.25 magnitudes, but 
about 0.3 magnitude is accounted for 
by interstellar absorption. 

Ample observations in our own and 
other galaxies have shown that this 


1 2:5 


standard period-luminosity curve may 
be applied to all Cepheid variable stars. 
From the measured period of a star’s 
variation its absolute magnitude may be 
determined. This, combined with the 
observed apparent magnitude, permits 
calculation of the star’s distance. In 
his book, Galaxies, Dr. Harlow Shapley 
gives the simple formulae by which these 
calculations of tremendous celestial dis- 
tances are made. 


PERIOD IN DAYS 
6.3 16 40 100 





The standard period- 
luminosity diagram, 
plotted for 88 Cepheid 
variables in the Magel- 
lanic Clouds. Those in 
the Small Cloud are 
dots; in the Large 
Cloud, small open cir- 
cles. Differences among 
the stars’ characteristics 
and in their individual 
distances, as well as ob- 
servational errors, ac- 
count for the scatter 
along the mean curve. 
Harvard Observatory 
diagram. 
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At Last! — A Telescope You Can Afford ! 





UNITRON 


Refractors at Unbelievably Low Prices 


UNITRON 


The telescopes all astronomers are talk- 
ing about. Precision made from the 
finest materials by one of the world’s 
largest manufacturers of optical instru- 
ments. 

—LENSES are FULLY CORRECTED for spherical and 


chromatic aberration —_ are COATED for maximum 
brilliance and clarity of image. 


—Each model is equipped with a sturdy TRIPOD and 
SLOW-MOTION mechanism, low-power VIEW FIND- 
ER, STAR DIAGONAL for convenience in observing at 
all altitudes, RACK AND PINION FOCUSING, EYE- 
PIECES, a sunglass oy L observation, an ERECT- 
ING PRISM SYSTEM for terrestrial amreniien. and 
comes complete with WOODEN CARRYING CASE. 


—These accessories are included with your telescope. . 
There are no costly extras to buy. 


—There are models as low as $75. 


2.4-INCH ALTAZIMUTH REFRACTOR 
2.4-INCH EQUATORIAL UNITRON Model 114 

UNITRON Model 128 Not illustrated. Identical with Model 128 
The.conglets tntvament fer but with altazimuth instead of equatorial 


A mounting. Same acces- 
the active amateur. sories included. Only $125 Objective: 15-mm. aperture, 1200-mm 


(3” 
Send check or money order or (47.2”) focal 1 . £/16 
write today for further information to Eyepieces: 6 mm. erthoseontc Su 200x 


9 
UNITED SCIENTIFIC CO. 12.6 tun, Huygens, fe 
Affiliated with United Trading Co. 


18 mm. Huygens for 67x 
204 Milk St., Dept. T-7, Boston 9, Mass. COMPLETE with equatorial gre | 
wi 


and slow-motion controls, 
ipped E. Collect setting circles, sun projecting screen. 
oun onl tenth en CO shipments 


view finder, star diagonal, erecting 
TELESCOPES MICROSCOPES 
SCIENTIFIC INSTRUMENTS 


— Only $43 | 


UNITRON 





3-INCH EQUATORIAL 
UNITRON Model 142 


Ideal for amateur research 
and school observatories. 


Objective: 60-mm. (2.4”) 7 an 900-mm 
(35.4”) focal length, 


4 Eyepieces: 9 mm. achr. Bat for 100x 
18 mm. Huygens for 50x 

150x orthoscopic, 129x, and 72x eye- 
pieces available at extra cost. 


COMPLETE with equatorial mounting 
and slow-motion controls, tripod. 
view finder, star diagonal, erecting 


prism system, sun- Only $225 


glass, wooden case. wooden case. 
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The 72nd... | 
Spitz Planetarium | 


will be installed at 


COMPTOIR SUISSE 
Lausanne, Switzerland 


SPITZ LABORATORIES, INC. 


5813 Woodland Avenue 
Philadelphia 43, Pa. 














SKY-SCOPE 


The new and improved 3¥,-inch 
Astronomical Telescope that 
amateurs everywhere are 
talking about. 
Completely Assembled—$29.75 
Equatorially Mounted, 60 Power 
\Y%4-wave Aluminized Mirror 
Ramsden Type Ocular 
125x & 35x Supp. Eyepieces, ea. $5.00 
6-power Finders .... postpaid, ea. $7.30 
We invite your attention to our free bro- 
chure describing in a straightforward man- 
ner the instrument’s amazing performance. 
THE SKYSCOPE CO., INC. 
475-s Fifth Avenue, New York 17, N. Y. 























Announcing... 


Sky Sets--I 


A set of 24 pictures of solar sys- 
tem and galactic objects, each 
81/, by 1134 inches printed on 
heavy paper, with a pleasing 
white border, and suitable for 
study or framing. A separate 
sheet of captions is included, 
which may be cut apart so each 
caption can be mounted with 
its picture. 





The most representative and the best 
of the “Sky and Telescope” back 
covers of the past 10 years have 
been selected for inclusion in the 


Sky Sets. 


Order now and be one of the || 
first to own this handsome 
| $2! of astronomical prints. 





The set, mailed in a heavy tube, 
postpaid, $3.50 


Harvard Observatory, Cambridge 38, Mass. 





Sky Publishing Corporation 
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BOOKS AND THE SKY 


hyperbolic. 

Chapters 12 to 15 deal with the meas- 
urement of radio waves from our sun. 
This is a subject of particular interest in 
connection with theories of the outer solar 
atmosphere and of the radio blackouts 


RADIO ASTRONOMY 


Bernard Lovell and J. A. Clegg. Chapman 
and Hall, 37 Essex St., London W. C. 2, 
1952. 238 pages. 16s. 


HE SPEED of scientific advances 

during the past few years is well in- 
dicated by the fact that we now have a 
complete book on a subject which was 
practically nonexistent as recently as the 
end of World War II. In Radio Astron- 
omy, two experts in the field have com- 
bined to give a very readable, interesting, 
and authoritative survey of this most re- 
cent branch of astronomy. 

Although prior to 1945 there were a 
few isolated cases of interesting astro- 
nomical observations on the longer elec- 
tromagnetic wave lengths, it was only 
with the utilization of equipment devel- 
oped during the war years that radio as- 
tronomy really became a subject in its 
own right. A large part of the pioneer 
work in this field was done by the Eng- 
lish observers. 

In this book by Lovell and Clegg, the 
first two chapters form an introduction to 
basic astronomy, including co-ordinate 
systems, star maps, and the planetary or- 
bits. The next two chapters give a simi- 
lar brief introduction to the fundamental 
properties of radio aerials, detection of 
radio noise, and the pulsed radar tech- 
nique. These subjects are covered clear- 
ly and without advanced mathematics, but 
so briefly that additional elementary texts 
in either astronomy or radio will help 
those unfamiliar with these fields. 

Seven chapters are next devoted to the 
development of the radio observations of 
meteors, their orbits, and their connec- 
tion with ionization studies of the upper 
atmosphere. As is natural, the English 
observations are covered in considerably 
more detail than those of other countries. 
In a subject as recent as this one it is 
difficult to give a perfectly uniform cover- 
age, especially since much of the work 
has not yet been published in detail. 

The reader will be surprised at the 
wealth of new information which radio 
techniques have given us in the field of 
meteoric astronomy. This is particularly 
true of the Manchester observations of the 
daytime meteor showers. These daylight 
recordings have confirmed some of the 
well-known night showers and have al- 
ready added at least 10 new meteor show- 
ers that are only present when the sun 
is above the horizon. Incidentally, I 
might note here that the reference to radi- 
ant determination by McKinley and Mill- 
man, top of page 92, should be Canadian 
Journal of Research, A 27, 53, 1949. The 
paper that has been referred to describes 
a one-station method of radiant determi- 
nation. 

The radio measurement of meteor ve- 
locities has also yielded important results. 
Here, for the first time, reliable velocities 
have been determined for faint meteors at 
and below the limit of naked-eye visibility. 
Both the English observations, and Mc- 
Kinley’s very extensive investigation at 
Ottawa in measuring over 10,000 meteor 
velocities, show a virtual absence of me- 


teors moving about the sun in orbits 


with velocities that are 


which have been associated with solar 
flares. 

Galactic radio noise observations are 
covered in Chapters 16 to 19. Much of the 
pioneer work in this field was carried out 
by Reber in the United States. More re- 
cently, the discovery of the mysterious 
radio stars, which emit no detectable light 
in the visible part of the spectrum, has 
occupied the attention of observers in sev- 
eral countries. Short concluding chapters 
describe radio studies of the aurora, of 
the moon, and of the planets, the last a 
possibility of the future. 

There are a few small errors or omis- 
sions in the astronomical material. The 
autumnal equinox is September 23rd on 
the average, not September 21st as given 
on page 18; and the sun, not the earth, 
is at the first point of Aries on March 
21st, page 30 and Fig. 14. Three of the 
10 brightest stars in the sky, Rigel, Acher- 
nar, and Canopus, have been omitted from 
the map, Fig. 7; and 100 kilometers equal 
62 miles, page 25. 

The most noticeable astronomical omis- 
sions occur in the table of planetary data 
in Appendix 1, which seems to date from 
shortly after the discovery of Pluto in 1930 
and omits various elements of Pluto’s or- 
bit since determined. Also not listed are 
the four satellites of large planets dis- 
covered in the period 1938-1949, while in- 
cluded is the 10th satellite of Saturn, now 
generally discredited. 

In reference to the asteroids, on page 
27 it is stated that the majority are less 
than one kilometer in diameter. This is 
quite likely true for the great bulk of un- 
discovered objects but very few of those 
found to date are as small as _ this. 
It is also felt that, according to the best 
estimates, the statement on page 131 that 
the average meteor is less than one milli- 
meter in diameter is true of the telescopic 
meteors but not of the average visual 
meteor. 

However, these points are minor and 
do not detract from the value of the 











THE BRITISH INTERPLANETARY 
SOCIETY 


(Limited by Guarantee) 
12 Bessborough Gardens, 
London, S. W. 1 

Membership is open to all inter- 
ested in astronautics and rocket 
development. The Society issues a 
bi-monthly Journal and a yearly 
Annual Report and List of Members. 
Lectures, film displays, and visits to 
observatories and scientific labora- 
tories are also arranged. 

Particulars of membership and 
fellowship and specimen copies of 
the Society’s publications will be 
sent free of charge to interested 
persons. 
Address all communications to the Sec- 

retary at the address shown above. 
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book as a lively and inspiring document 
on current research. The illustrations are 
numerous and _ excellently reproduced. 
There are useful lists of references at the 
end of every chapter. I can sincerely 
recommend this volume to both the as- 
tronomer and the general science reader. 
PETER M. MILLMAN 

Dominion Observatory, Ottawa 





THE EXACT SCIENCES 
IN ANTIQUITY 

O. Neugebauer. Princeton University 
Press, Princeton, 1952. 191 pages. $5.00. 

R. NEUGEBAUER’S is a scholarly 

book on a specialized subject. “I 
am convinced,” he says, “that specializa- 
tion is the only basis of sound knowledge.” 
Even though he is “compelled for once 
to abandon all learned apparatus and to 
pretend to know when actually I am 
guessing,” he writes with an economy of 
expression that makes considerable de- 
mands on the reader. 

The book discusses the origin of num- 
ber systems, Babylonian and Egyptian 
mathematics and astronomy, and Hellen- 
istic science. The author not only gives 
a clear and readable account of what we 
know about these subjects, but also takes 
pains to explain the basis of our knowl- 
edge, so that the book touches almost as 
much on the methods and problems of 
archeological research as on the history 
of science. 

Dr. Neugebauer indulges in no loose 
statements about the “lore of the an- 
cients.” Several time-honored myths are 
exposed as such, for instance that of the 
“legendary accuracy” of the astronomical 
observations of the Babylonians, and the 
alleged scientific and mathematical secrets 
hidden in the pyramids of Egypt. He de- 


votes an especially interesting note to the 
saros, “a beautiful example of the creation 
of generally accepted historical myths,” 
and discounts the idea that Thales predict- 
ed the eclipse of 585 B.C. by this means, 
or indeed predicted it at all. 

Instead of fascinating but unsound sci- 
entific myths, the book presents a solid 
and satisfying diet of carefully sifted fact. 
The serious student will find it of absorb- 
ing interest, but it is in no sense a popular 
treatment of the subject. The book is 
excellently produced and printed, and the 
illustrations are beautiful. 

CECILIA PAYNE-GAPOSCHKIN 
Harvard College Observatory 





PALOMAR OBSERVATORY 


D. Alter and C. H. Cleminshaw. Griffith 
Observatory, Los Angeles, 1952. 76 pages. 
90¢. 

HIS DESCRIPTIVE BOOKLET 

was undoubtedly prepared in response 
to the great demand by people in Southern 
California for information about the new 
observatory and the 200-inch telescope. 
It is a well-organized guide to the observa- 
tory, the instruments, and the program of 
observations at Palomar. Included are 
five addresses given at the dedication of 
the Hale telescope, statistical data for both 
the 200-inch and 48-inch telescopes, and 
an excellent elementary account of the 
principle of the Schmidt camera. 

The many illustrations are very good 
except for a few of the photographs of 
nebulae, particularly NGC 4486 and the 
Omega nebula, which are reproduced with 
so much contrast that much of the detail 
is lost. 

PHILIP C. KEENAN 
Perkins Observatory 





NEW BOOKS RECEIVED 


THE ATMOSPHERES OF THE EARTH AND 
Pianets, G. P. Kuiper, editor, 2nd edition, 
1952, University of Chicago Press. 434 pages 
and 16 plates. $8.50. 

This is the second edition of a book reviewed 
on these pages just three years ago. The cur- 
rent work has had extensive revision, so that 
its findings are well up to date as of early 1951. 
Eight chapters cover the earth’s atmosphere 
and related problems; infrared and spectro- 
scopic observations of the solar system are 
selectively discussed; and the editor himself 
contributes 100 pages on planetary atmos- 
pheres and their origin. Finally, G. Herzberg 
describes experiments in laboratory spectra 
obtained with long paths. 

Tue Nature oF Some oF Our Puysicat Con- 
cepts, P. W. Bridgman, 1952, Philosophical 
Library. 64 pages. $2.75. 

Three lectures given at the University of 
London in 1950 are here reprinted. The 
author states that he is attempting ‘“‘a more 
articulate analysis than hitherto of the opera- 
tions involved in some of our physical con- 
cepts, particularly an analysis of the operations 
into their instrumental and their ‘paper and 
pencil’ and verbal components.” Among other 
things, the first lecture examines the concepts 
of field and empty space; the second, the 
fundamental concepts of thermodynamics; the 
third, electrical phenomena in massive con- 
ductors. 

PROCEEDINGS OF THE LONDON CONFERENCE ON 
OpticaL INSTRUMENTS — 1950, various authors, 
1952, Wiley. 264 pages. $7.00. 

The papers and symposia given at the Lon- 
don conference, which was a co-operative meet- 
ing of the International Optical Commission 


and various British societies, are presented 
here. The general subjects are photographic 
and projection lenses, reflecting microscopes, 
gratings and grating instruments, phase-con- 
trast microscopes, spectrophotometers, reflect- 
ing telescopes, new optical materials, and 
several miscellaneous papers. 

Cosmo ocy, H. Bondi, 1952, Cambridge Uni- 
versity Press. 179 pages. $4.50. 

As one of the Cambridge monographs on 

physics, this book presents the subject of cos- 
mology as a branch of physics in its own right. 
Principles of cosmology are discussed in the 
first part of the book, then observational evi- 
dence, and then the various cosmological 
theories, past and current. 
THE ArTIFICIAL SATELLITE, L. J. Carter, editor, 
1952, British Interplanetary Society, 12 Bess- 
borough Gardens, London S.W. 1, England. 
74 pages. 75 cents; 5s 6d; paper bound. 

This volume concerns the Second Inter- 
national Congress on Astronautics, which met 
in London in 1951, and includes the proceed- 
ings and texts or summaries of the technical 
papers. The material is reprinted from the 
1951 annual report of the BIS and the No- 
vember, 1951, BIS Journal. 

Basic Astronomy, Peter van de Kamp, 1952, 
Random House. 400 pages. $3.75. 

The author presents the science of astron- 
omy for the layman—this is not a formal 
textbook — but discusses his topics sufficiently 
“to make the reader aware of the methods 
employed by the astronomer, and of the de- 
velopment of his ideas an? knowledge.” The 
four main sections are ent. ed: “A Survey of 
the Solar System”; “The Mechanics of Stars 
and Planets”; “The Physical-Chemical Prop- 
erties of Sun and Stars”; “The Milky Way 
System and Beyond.” 





Rain Gage 


No. 510  Direct-reading 
gage fits on any fence 
post. Capacity, six inch- 
es. Overall length 13 
inches. Mounting brack- 
et. $4.95 


Send for our complete 
catalog of amateur and 
Weather Bureau instru- 





ments, 


| SCIENCE 
| ASSOCIATES 


401 N. Broad Street 
Philadelphia 8, Pa. 

















TIME IS PASSING 


Only two more months remain to obtain 
our charts and slides at their present 
prices. Increased costs all along the line 
make an increase in price necessary on 
September Ist. This move is set well in 
advance to give you the opportunity to 
buy now and save. Orders received now 
for slides will be filled with our new 
improved quality slides. Order now — 
don’t be sorry later. 

We are at your service with two sets of 
charts (25 charts to a set), and two 
sets of 35-mm. slides (24 slides to a 





set). 
2 slide sets and 2 chart sets ......... $22.00 
2 slide sets and 1 chart set .......... $19.25 
1 slide set and 2 chart sets .......... $13.75 
1 slide set and 1 chart set’ .......... $11.00 
2 slide sets .... $16.50; 1 slide set .. $ 8.50 
2 chart sets ... $ 5.75; 1 chart set .. $ 3.00 


Circular? Drop us a card. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 2, Mass., U.S.A. 








SKY PUBLICATIONS 
SKY SETS —I 


Pictures of solar system and galactic ob- 
jects, 24 in the set, printed on heavy white 
paper, and suitable for study and framing. 

The set, $3.50 


MAPPA COELESTIS NOVA 


The northern sky to —45° is shown in this 
large chart, and each star is colored accord- 
ing to its spectral class. The chart makes a 
fine transparency, 28 inches square. $4.00 


SKALNATE PLESO 
ATLAS OF THE HEAVENS 


Sixteen charts cover the entire sky to 
magnitude 7.75; 1950 co-ordinates. Each 
| chart area is 154% by 23% inches. $5.50 











MOON SETS 


Eighteen pictures, nine at first quarter and 
nine for the last quarter, each on a sheet of 
heavy stock 12 by 18 inches. There are key 
charts for named lunar features. $2.50 


WORLD WIDE PLANISPHERE 


A book cf basic constellation charts and 
masks to show the stars above the horizon at 
any time of night or year, at all latitudes, 


northern and southern. By illiam 
Barton, Jr. 
Making Your Own Telescope 

— Allyn J. Thompson ............ $3.50 
Splendors of the Sky ............ 50 cents 


SKY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 38, Mass. 
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WAR SURPLUS BARGAIN 
’ 


PTICS 


ACHROMATIC TELESCOPE OBJECTIVES — 
Perfect Magnesium Fluoride Coated and ce- 
mented Gov't. Surplus lenses made of finest 
Crown and Flint optical glass. ‘They are fully 
corrected and have tremendous resolving power 
and can be readily used with 4” F.L. eye- 
pieces. Guaranteed well suited for Astronomical 


Telescopes, Spotting Scopes, etc. Gov't. cost 
approximately $100.00 

Diameter Focal Length Each 
54 mm (2%”) 600 mm (23%4”) . bes 50 
59 mm (2 5/16”) 308 mm (12%”) .. 10.00 
78 mm (3 1/16”) 381 mm (15”) .... - 21.00 
78 mm*(3 1/16”) 451 mm (17%”) .. 21.00 


81 mm (3 3/16") 622 mm (24%4”) .. 22.50 
83 mm (31%4”) 660 mm (26”)...... 28.00 
83 mm (31%4”) 711 mm (28”) .... 28.00 


83 mm (8%”) 876 mm (34%”) .. 28.00 
88 mm (31%4”) 1016 mm (40”) ..... 30.00 
*Not coated 


SYMMETRICAL EYEPIECE LENS SET 


Each set consists of two magnesium-fluoride 
coated and cemented achromats, and exact 
Gov’t. spacing diagram. Gives wide flat field. 


%4” E.F.L. (20X) Lens Set 13-mm dia. . $4.50 
¥,” E.F.L. (13X) Lens Set 18-mm dia. . $3.50 


Rectangular Magnifying —y — Seconds, 
sells for $6.50. Size 2” x 4” .......... $1.00 
First Surface Mirror for s” “thick. 8.75 
First Surface Mirror 8”x10” 4” os - 4.25 
First Surface Mirror 4”x4” 14” th 1.50 
First Surface Mirror 1144”x1%4” 1/16” ienick 25 
Optical Peep Sight — Use as camera view- 


finder, etc. Dia. 1144”, weight 144 oz. ... $1.00 
LENS CLEANING TISSUE — 500 eth 714” 
x 11”. Bargain priced at only ....... $ - 


RIGHT ANGLE PRISMS 


8-mm face .. ea. $ .75 28-mm face .. 
12-mm face .. ea. .75 38-mm face .. 
23-mm face .. ea. 1.25 47-mm face .. ea. 3.00 


!!NEW LOW PRICES!!! 


BEAUTIFUL IMPORTED BINOCULARS 
Precision made, at a low low price within the 


reach of every man’s pocketbook. Complete 
with carrying case and straps. 

6 x 15 Ind. Focus .. Coated ..... $16.00* 
8 x 25 Center Focus ..........+6. 23.30* 
8 x 30 Center Focus ............. 27.50* 
7 x 35 Center Focus .. Coated ... 46.75* 
7 x 50 Ind. Focus .. Coated ..... 39.75* 
7 x 50 Center Focus .. Coated ... 49.75* 
10 x 50 Ind. Focus .. Coated ..... 45.00* 
16 x 50 Center Focus .. Coated ... 55.00* 


*Plus 20% Federal Excise Tax 


MOUNTED EYEPIECE has 
two lenses 29 mm in dia. 


Cell fits 114” tube. 
114” EFL: (8X) ...94-50 


MOUNTED EYEPIECE has 
_ achromats, 27 mm in 

Cell fits 114” tube. 
1/16" E.F.L, (7X) $4. 00 





3x ELBOW TELE- 
SCOPE — Makes a 
nice low-prited find- 
er. 1” Achromatic 
Objective. Amici 
Prism Erecting Sys- 
tem, 13%” Achro- 
matic Eye and Field 
Lens. Small, com- 
Gov't. Cost $200. + light weight, 


Plain Optics $6.50 iia niece $10.50 


“MILLIONS” of Lenses, etc. 
Free Catalogue 

















the POSTAGE — C.O.D.’s you pay 
postage. Satisfaction guaranteed or money re- 
funded if merchandise returned within 10 days. 


A. JAEGERS 


We pay 


691S West Merrick Rd. 
Lynbrook, N 
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GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


How to MoLtp AND Pour Your Own CAastTINGs — I 


HE ART of molding aluminum and 

brass castings has been brought to 
its present excellence after many decades 
of labor and experiment. As an amateur 
telescope maker, I have—for many years 
—been making all the necessary castings 
for my own telescopes and other astro- 
nomical instruments. Some time ago I 
conceived a plan which I hoped would 
simplify molding procedures for the bene- 
fit of amateur telescope makers. After a 
great deal of research, I have accom- 
plished my purpose. 

This month we discuss the necessary 
tools and equipment for the casting, and 
next month we shall proceed step by step 
through the actual pouring. In the prep- 
aration of this article, I have had the co- 
operation of Betty Knox, science editor 
of the Amateur Astronomers Association 
of Pittsburgh. 

The tools and equipment which must be 
assembled or made are listed below, and 
specifications for their construction fol- 
low. 


— 


molding board 

1 rammer 

2 molding boxes or flasks 
(cope and drag) 
sandbox 

sand sifter 

riser patterns 

trap pattern 

pair of pouring tongs 
slag remover 

trowel 

striking stick 

furnace with blower 
No. 7 crucible 

fire bricks for safety place 
for furnace lid 

1 small hammer 

A few 1” wire brads 


Oe ee 


1 water glass 

5 pounds of white lake sand 

1 bushel of brass foundry 
molding sand 

Some scrap aluminum or brass 

Patterns for casting 


The molding board, made like a draw- 
ing board, is built from white pine. The 
dimensions are 1” x 18” x 18”. Make it 
smooth with sandpaper and then shellac 


it. The rammer is also made of white 
pine. It is 8” long. The handle is 1” in 
diameter, 6” in length. The rammer end 
—which should be shellacked —is 2” in 
diameter and 2” in length. 

The flasks or molding boxes have open 
ends; the top flask is called the cope; the 
bottom flask, the drag. Both the cope and 
the drag are made from white pine. Di- 
mensions are: 1” x 14” x 14”. Eight 
pieces of material are required for the 
flasks. Be sure the end of each piece is 
sawed squarely. I recommend using brass 
screws to assemble the cope and the drag. 
Make certain they fit well, when you place 
one on top of the other. A good fit is 
essential. On two sides of the cope fit a 
piece of white pine 5/16” x 1%” x 6” on 
center in a vertical position with screws. 
On two sides of the drag fit two pieces 
5/16” x 1%” x 4”. Space the pieces 
apart, so the pieces on the cope slide into 
those on the drag. Use care and pre- 
cision in making the cope and the drag, 
for this part of the job is important. Ap- 
ply three coats of shellac on both the 
cope and the drag. 

Make the sandbox for holding and mix- 
ing the molding sand from white pine 
boards. Dimensions are: 10” deep, 24” 
wide, 24” long. When assembling the 
box, make sure to fit the boards closely 
together. Use brass screws. Apply about 
four coats of shellac. 

The sand sifter is made from four pieces 
of white pine 7/8” x 2” x 8”. The ends 
of the pieces must be squarely cut and 
put together with wood screws to form 
an open-end box. A piece of bronze fly 
screen is attached to one end with copper 
tacks to form a sifter. 

The riser patterns are turned from 
white pine. Make four patterns, each 5” 
long, 1” diameter on one end and tapered 
to 7/8” on the opposite end. Shellac them. 
The trap pattern is made from white pine. 
Make it 1” x 1” x 2”. Shellac. (Note: I 
make my own shellac in small quantities 
as I need it, from wood alcohol and orange 
shellac.) 

The pouring tongs are made from two 
lengths of round, hot rolled steel of low 
carbon content, %” x 3’ 6”. Thirty-three 
inches from the ends of each rod, heat 
and flatten to provide enough width to 
drill a hole that will take a 4%” machine 





Some of the implements 


POURING TONGS 





required for the molding 

and casting operations 

are pictured here. They 
are all homemade. 
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The cope and drag on the molding board. All drawings, are by Mr. Raible. 


bolt, so that the two rods may be bolted 
together. From the holes to the ends of 
the rods, heat and draw to a taper to form 
the jaws. At a point 2” back from the 
drawn ends, bend at a right angle, to pro- 
vide a means for grasping the top edge of 
the crucible when pouring. 

Make the slag remover from a piece of 
round steel 4%” x 3’. Bend a piece of flat 
steel 4” x 1” x 3” at right angles. Attach 
it to the end of the round rod with an 
8-32 steel machine screw and nut. 

The trowel is used for making the 
“gates” or “gutters? between the pouring 
head, the trap, the pattern, and the *xisers. 


It is made by cutting a piece 5/8” wide 
Cure it; 


and 2” long from a tin can. 
over a %” diameter pipe. Attach it to 
piece of metal to form a handle shapin 
it like a teaspoon handle. ~ 

















The striking stick is made of a piece of 
straight strip steel, 4%” x 1” x 18”. 

The furnace is prepared as follows: 
Start with a board 1” x 12” x 24”. On 
one side of it attach three pieces of wood 
1” x 1” x 12”. Place one piece in the 
center of the board and the remaining 
pieces on each end. Now insulate one 
half of the opposite side of the board with 
1%” of asbestos. Make four holes in the 
bottom of a five-gallon paint can that will 
take four 5/16” x 3” machine bolts 
ced 90° apart around the circumfer- 

Next drill four holes in the insu- 
part of the board to match holes in 
f can. Cut a 2” diameter hole in the 
of the can 2” above the bottom. This 
is for the gas and air inlet. The four 
x 3” bolts must have 2” of threads. 
the bolts through the holes in the 








WE HAVE IN STOCK for immediate delivery 
the best eyepiece ever produced for astronom- 
i and scientific work, with the following 
characteristics: 

1. Four-element design giving a flat, beautiful- 
ly corrected field of 50° covering more than 
160 per cent of the area of the conventional 
Ramsden for the same power. This eyepiece is 
a “must” for RFT work. 

2. Precision optical elements, magnesium 
fluoride hard coated, increasing the light trans- 
mission approximately 10 per cent. 

8. Simple take-down for cleaning. 


anti-reflection and ground to 1144” O 
5. Clean mechanical design permitting com- 
fortable observation and ease of focusing. 


— objectives are sold with 


CHESTER BRANDON 










ORTHOSCOPI 


4. Precision metal parts black ey for & 


These eyepieces are produced in 8 mm., 16 mam 





cells 
and rigidly tested on double stars for resolving power before being sold. 
Unconditionally guaranteed — Immediate delivery 


SOCULARS 





Price postpaid, $15.95 each 
32 mm. effective focal lengths only. 


WE CAN SHIP from stock quality astronom- 
ical objectives with the following features: 

1. Superior optical d utilizing a larger 
air separation. Color ected on C and F 
and hand corrected on ing to reduce resid- 
uals to a minimum. Completely free of 
coma. 

2. Glass-air surfaces magnesium fluoride 
coated, increasing light transmission approxi- 
mately 10 per cent. 

8. Quality optical glass precision annealed and 
held to one ring test plate match. 

4. Cell made to precision tolerances and suit- 
ably coated to prevent stray light reflections. 
Each cell engraved with effective focal length 
and serial number. 

These objectives are supplied as follows: 


3” C.A. 45” E.F.L. $ 49.00 
4” C.A. 60” E.F.L. $119.00 
California residents, add 3% sales tax 


Box 126, Montrose, California 








UNUSUAL OPTICAL BARGAINS 


Your Chance to Own 
a Truly Fine 
Precision Instrument 


IMPORTED 


200 POWER 


MICROSCOPE 


PERFORMANCE EQUALS 
$50 to $75 INSTRUMENT 





Amazing optical qualities, fine fo- ONLY 

cusing, superb definition, ee $ 50 
rviceable construction . 1 

greatest microscope bargain oo Postpaid 


the market! 
1 ocular, 1 ob- 


Try it for 10 days... if you are * ° 1 

not completely satisfied, your eg e aia : 

money refunded im full. ck & pinion 
focusing. Re. 


Hardwood case included, no extra yolying disc- 
cost. light adjust- 
Stock #70,000-Y . $12.50 Postpaid able mirror. 


HAND 
SIGHTING 
LEVEL 





Handy! 
Projects a level line of sight — invaluable for lay- 
ing out drains, ditches, foundations, gardens; for 


Simple to Use! 


contour plowing and soil erosion work. Aceurate- 
ly designed and calibrated. Used wherever grades 
must be established or level line necessary over an 
appreciable distance. Directions included. 

pg re $2.50 Postpaid 


MOUNTED 
ERFLE 
EYEPIECE 


Wide angle! Used on astro- 
nomical telescope. Consists 
of three achromats perfect 
and coated, in a metal focus- 
ing mount. Diameter of 
lenses 46, 46, and 38 mms. 
Government cost about 
$54.00. Fodéal “length 114” 
R (32 mm.). This eyepiece 
will give you an unusually 
: wide field. 
Stock #516. PERE $8.50 Postpaid 


CROSSLINE RETICLE — Dia. 29 mm 
SEE SPRUE ce concccceceeasecces 50c Postpaid 


Full Grown Performance 
in a Useful 80 Power 


IMPORTED 
BABY MICROSCOPE 


ONLY 5” HIGH! 
Students, beginners, or full-fledged 








lab-men will find plenty of use for JUST 
this little gem. Easily carried. Make $ 00 
minute inspections: plant and ani- 
mal life, materials, metals, etc. — it 

Postpaid! 


gives astounding, sharp definition! 
Good optical qualities, hinged base for inclined, 
easy viewing, easy-to-use pinion focusing. Circular 
stage, revolving disc-light adjustable mirror. A 
real buy! 10-day refund privilege. 

Stock FEC COCY ...cccccedbocccce $4.00 Postpaid 
TELESCOPE EYEPIECE — Consists of 2 Achro- 
matic lenses F.L. 28 mm. in a metal mount. 
eS eee errr $4.50 Postpaid 
Same as above but about 114” extension has been 
added with O.D. of 114”, which is standard for 
astronomical telescopes. 
ee ee eer $5.25 Postpaid 
LENS CLEANING TISSUE — First quality, sheet 
size 11” x 7 Made to Gov't specifications. 
Stock # - 500 sheets .... $1.00 Postpaid 
SIMPLE S KITS!—Fun for adults! Fun for 
children? ~ include plainly written illustrated 
booklet showing ho Bow seamen build lots of optical 


k! 
items. Use lenses in Os pgemerenag optics, 
building TELESCOPES, 


low power Micro- 
Stock Pa dh lenses .... $1.00 Postpaid 
Stock #5-Y—45 lenses .... . $5.00 Postpaid 
Stock 7#£10-Y—80 lenses ......... $10.00 Postpaid 
We Have Literally Millions of WAR SURPLUS 
LENSES AND PRISMS FOR SALE AT BAR- 
GAIN PRICES. Write for Catalog “Y”—FREE! 

Order by Stock No.— Send Check or M.O. 
Satisfaction Guaranteed 


EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 
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New Low Prices on PYREX 
Reflecting Telescope Kits 


The most complete kits 
on the market. 


In addition to the usual supply of 
abrasives, rouge, etc., you get the 
new, fast-polishing cerium oxide to 
save hours of work. 

You can get a brass diagonal 
holder (spider) for only $1.00 addi- 
tional if ordered with a telescope kit. 
Prices quoted below are for a Gen- 
uine Pyrex telescope blank and a 
plate glass tool. 


PYREX MIRROR KITS 


Diameter Thickness Price 
4l/,” 3” $ 5.50 
6” lg $ 7.25 
8” 1,” $10.50 
10” 13,” $17.50 
121,” 21,” $33.00 


Two circle dials with every Pyrex Kit. 
4” to 16” PYREX CARRIED IN STOCK 


PLATE GLASS KITS 


6” a” $ 5.50 
: af * $ 6.75 
8” 1.” $ 8.00 


ge — aad Paid to Ist and 2nd postal zones —- 
Y. Add 5% 3rd and 4th zones, 10% 5 
a 6th zones. Add 15% 7th and 8th Macon 


Parabolic pyrex mirrors made to order. 
Send for free catalog of optical supplies. 


DAVID WILLIAM WOLF 


74 Hunnewell Ave. Elmont, L. I., N. Y. 














DOUBLES ‘SCOPE 
PERFORMANCE! 


Sharper images at higher powers! 
A startling statement positively 
proven in 16-page telescopic educa- 
tional matter sent free on receipt of 
self-addressed long envelope bear- 
ing three 3c stamps return postage. 


First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 
tienen the magnification on each by 
lengthening your primary focal length 
angle up to three times, yet extends eye- 
piece out no more than two inches from 
normal, This alone sharpens definitions. 


Next, by achieving your highest powers 
on more comfortable low-power eyepieces, 
you lessen image deteriorations due to 
short-focus acute bending of the conver- 
gent beam, since all usual eyepieces are 
f/1 or less. 

Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 


The Resolving Power lens is achro- 
matic, coated, gives flat field sharp 
to the edge. Here is astonishment 
in image improvements! Price $17.50 
in 4” long ce iE adapter 
tube fitting standard 1%” eyepiece 
holders. Money back if not delighted 
beyond words after two weeks trial! 


No COD’s — Colleges and Observa- 
tories may send purchase order. 


FRANK GOODWIN 
345 Belden Ave., Chicago 14, Ill. 
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The furnace in which the metal is melted. The inset shows the arrangement 
of the parts. 


board and run the nuts down tight over 
the insulation. Next run four more nuts 
on the bolts and leave a space of 1” 
between the top of the insulation and the 
top nut. Now place the can on top of 
the bolts through the four holes. Run 
nuts on the ends of the bolts which pro- 
trude through the bottom of the can and 
tighten them. 

Next you need a piece of tubing 2” 
diameter and 8” long. Th’s tube can be 
made from thin sheet steel or a piece of 
brass tubing. Two inches from one end 
of the tube cut a hole large enough so 
that a 3/8” nipple may be inserted. Now 
you need a 3/8” elbow, a 3/8” x 2” nip- 
ple and two half 3/8” nuts equipped 
with 3/8” pipe threads. Screw one 
of the nuts all the way to the end of 
the nipple and insert the end of the nipple 
with the nut into the hole of the 2” x 8” 
tube. Now screw the other nut on the 
end of the nipple inside the tube. Pull it 
up tightly and put the elbow on. Be 
sure to have the elbow turned so the gas 
will enter the furnace. Mount the blower 
at an angle on the board, so that air and 
gas may blow into the furnace and create 
a spiral around the crucible. With your 
blower in its proper position, shove the 
2” tube (nipple end) into the hole of the 
furnace and pull it back far enough for 
you to fit on the blower fitting. On the 
end of the 3/8” nipple place a brass hose 
connection. 

Next mix equal parts of fire clay and 
asbestos cement thoroughly; then mix 
two thirds water and one third pure so- 
dium silicate. Wet the first mixture with 
the latter and knead it into a dough. Wet 
just enough, so it doesn’t stick to your 
hands. Place 1%” of the mixture on the 
bottom of the inside of the can. Now 
insulate the inside wall of the can with 
1%” of the same mixture. Smooth it so 
there are no rough, raised, or depressed 
areas. On the top edge of the circum- 
ference of the can make three raised areas 
90° apart, 34” high by 14%” x 2”. This 
will serve as a resting place for the lid 
and as an exhaust port. Be sure to leave 
the hole into the furnace open, so the gas 
and air may enter properly. Cover the 


outside of the can with six plies of as- 
bestos paper. Where the blower tube 
enters the hole on the outside of the fur- 
nace, use some of the asbestos and clay to 
fill in any cracks. It isn’t necessary to 
insulate the gas and blower tube, for it is 
always kept cool by the blower. 

The furnace lid is made from the paint- 
can lid. Take a piece of soft steel wire 
1%” diameter and 8” long. Form it into 
the shape of a handle, and fasten or weld 
its ends to the center of the lid. Insulate 
both sides of the lid 3/4” thick with the 
mixture used to insulate the inside of the 
furnace. Let the furnace dry for 24 hours 
before using. When lighting the furnace, 
always light the gas first, then start the 
blower and place the lid on top. You 
should have a No. 7 crucible loaded with 
melted aluminum and ready for pouring 
in 14 minutes. 

(To be concluded) 
C. RAIBLE 
200 Rebecca Sq. 
Millvale 9, Pa. 





———" EVERYTHING FOR THE AMATEUR | 


TELESCOPE MAKER 


KITS : “San I arc lh agua ™ 
ALUMINIZING 


Superior Reflecting Surface, Fine Finish. 
Will not Peel or Blister. Low Prices. 


Mirrors Prisms Send for 
Tested Eyepieces Free 
Free Accessories Catalog 


MONEY BACK GUARANTEE 


Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y..uw! 











WANTED 


One 16-inch pyrex telescope 
mirror blank. We need this blank 
for an urgent defense order. 
Please contact 


LABORATORY OPTICAL CO. 





P. O. Box 387 








| Plainfield, New Jersey 





2 ee. bee oe Oe ae Bee ae ee ee. ks 


oO 


“ 








OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


OCCULTATION OF VENUS 


COMMUNICATION from Dr. E. 

W. Woolard, of the U. S. Naval Ob- 
servatory in Washington, calls attention 
to an occultation of Venus very close to 
the sun on the morning of July 22nd. 
Conjunction with the moon occurs at 16:23 
UT. It will be in the zenith at longitude 
57° west, latitude 19°.7 north, at that mo- 
ment above the horizon everywhere in the 
United States. 

As the moon will be only 17 hours past 
new and approximately 8° east of the sun, 
the circumstances of the occultation were 
not computed at the Nautical Almanac 
Office. Computations have been made for 
standard stations A and C and for my 
local station in Rochester, and these in- 
dicate that the occultation will be gen- 
erally observable throughout the United 
States. It is likely that the planet will 
not disappear at stations in the north- 
western part of the country. Observers 
on the Atlantic Coast will be most favored, 
as the altitude of Venus at immersion 
will be about 50°. 

Approximate times of immersion are: 
station A, 15:01; station C, 14:37. Because 
of proximity to the sun, the lunar cres- 
cent will doubtless be unobservable. Ac- 
cordingly, position angles and emersion 
times have not been determined. If your 
telescope has setting circles, try to locate 
the planet (magnitude —3.4) at right as- 
cension 8" 40™, declination +19° 40’, at 
about 9:00 a.m. (EST) and watch for it 
to disappear behind an unseen lunar limb. 

Early evening twilight on July 22nd 
will provide an excellent opportunity to 
locate Venus beneath the slender crescent 
of a day-old moon. Binoculars will be a 
great aid for this observation, at a time 
about as soon after superior conjunction 
with the sun as Venus can be detected 
after sunset. Mercury, a week past 
greatest elongation, should be eas‘ly ob- 
served some 16° farther east than Venus. 


PAUL W. STEVENS 





BIRD MIGRATION PROGRAM — 
OBSERVERS WANTED 


In the spring of 1948, 200 astronomers 
and ornithologists, representing 30 locali- 
ties on the North American continent, 
pooled their efforts to obtain counts of 
migrating birds passing before the disk 
of the moon. By means of mathematical 
procedures developed by Prof. W. A. 
Rense, department of physics and astron- 
omy, Louisiana State University, these 
counts were used to obtain indices of the 
volume and direction of migration at dif- 
ferent times, at different places, and un- 
der different circumstances. The method 
has been explained in two papers by Pro- 
fessor Rense (“Astronomy and Ornithol- 
ogy,” Popular Astronomy, 54, 55-73; 
“Some Notes on the Astronomical Meth- 
od of Studying Bird Migration,” Popular 
Astronomy, 58, 287-294); and the surpris- 
ing ornithological results achieved with it 
have been described in a recent study by 
George H. Lowery, Jr. (“A Quantitative 
Study of the Nocturnal Migration of 


Birds,” University of Kansas Publications, 
Museum of Natural History, 3, 2, 361). 

A second co-operative effort is being 
staged in the fall of 1952, when an attempt 
will be made to saturate the country with 
observers. Persons with access to a tele- 
scope have an opportunity to contribute 
tremendously to the solution of the many 
puzzling problems connected with the 
movement of birds at night. The obser- 
vational procedure is a simple one. De- 
tails regarding both the method and other 
aspects of the problem may be secured by 
writing at once to Robert J. Newman, 
Museum of Zoology, Louisiana State Uni- 
versity, Baton Rouge 3, La. 





Splendors of the Sky 
Third Edition — 1951 


Here is a completely revised and 
up-to-the-minute edition of this 
popular astronomical picture book. 
Its simple but comprehensive cap- 
tions provide a beginner’s course 
in astronomy. Printed on heavy 
coated paper, 8% by 11% inches. 


50 cents a copy, postpaid, © 
coin and stamps accepted 


SKY PUBLISHING CORPORATION 


Harvard Observatory, Cambridge 38, Mass. 























EXTENSION TRIPODS 
PORTABLE — STURDY 


Used U. S. government surplus. Special 
sale while our limited stock lasts. This two- 
section EXTENSION TRIPOD combines 


lightness with rigidity. Easy to manipulate, 
to open or close or to extend or contract 
legs, and to adjust the leg spread. Sliding 
legs will not bind and can be locked at any 
length; thus the tripod can be leveled and 
used on uneven ground. Even when the 
legs are fully extended, the tripod is steady 
because of the special leg clamps. The head 
is very firm. Adjustable to heights between 
35 inches and 50 inches. Weight is 9 to 
10 pounds. Metal fittings of brass, bronze, 
and steel. 
Originally used to support transits and 
levels, these tripods are worth three times 
what we ask. Sent LY via express - 
charges collect will cost you from $1.50 to 
$3.00, depending on distance sent. 

OUR PRICE ONLY $6.50 each 


50-Power Telescope Eyepiece 
Non-achromatic. Our new_ experimental 
model consisting of a single lens. Only 50 
pieces will be available at this price. Stand- 
ard 1144” O.D. ocular barrel fitting into which 
is set an aluminum bushing holding this 
powerful lens. 
Not the world’s best eyepiece, but it works 
well and costs very little. This lot only — 
Each $3.00 plus 25¢ postage 


HERSCHEL PRISM WEDGE 


Make your own Solar Eyepiece with this 
wedge for observing sunspots, the full moon, 
and Venus. It allows only 5% of the heat 
and light to reach the eye. This prism is 
not surplus but is made to our special order 
as follows: Glass, water-white optical crown, 
well annealed. Size: 2” x 154” (50 mm. x 
35 mm.); thickness 4 to 14 mm. The prism 
angle is 12%°, plus or minus \% second or 
better. The reflecting (hypotenuse) face is 
“block-tested’”’ flat to at least %4% wave 
(sodium light). The exit face is flat to 1 
band or better. All optical surfaces are 
pitch polished. The prism is positively not 
fluoride coated. 

A Solar Eyepiece made with this prism will 
give the best possible definition and little 
heat and light will reach the eye. Instruc- 
tions included. 


Herschel Prism Each only $8.50 
NEW WEDGE HOUSING 


Complete housing for Herschel prism above; 
takes standard 114” eyepieces, fits standard 
14” ocular tubes. 


Only $15.00 for Housing (without prism) 
BOTH FOR $23.00 


Also, Solar Safety Filter to use with above 
wedge. $2.00 


A POPULAR INTRODUCTION 
TO ASTRONOMY! 


New Handbook of the Heavens, 
guide to the stars for the amateur. 
50c postpaid 


Include Postage — Remit with Order 


HARRY ROSS 


TELESCOPES MICROSCOPES 


the best 








No open accounts — No C.0.D. Send 25c for General Bulletin 


ACHROMATIC TELESCOPE 
EYEPIECES 
Improved Hastings-Ross Formula 
Cemented triplet (soli*) type, highest light 


transmission through minimum glass thick- 
Medium wide field, sharp to the very 


ness. 
edge, Excellent color correction. Mounted 
in nonreflecting cap of fallaway’ type. 


Mounting is black-anodized finished, standard 
14” O.D. Powers are given for a telescope 
of 50” focal length. 


160 patie: TA Tae ccecsétvcccscves $8.50 
Tae paren, BA EW ho ck cccvcsveccs 8.50 
SOO power, Wh” TPE oc ccvevecsccuces 8.50 


Special, ALL THREE FOR $24.00 
CROOKE’S RADIOMETER 


Once again we are able to supply an Ameri- 
can-made Radiometer, for demonstrating 
radiant heat. Consists of an exhausted glass 
globe in which is mounted a freely rotating 
four-arm vane, black on one side and bright 
on the other. Radiant heat striking the 
vane makes it revolve in such a direction 
that the blackened surface is always retreat- 
ing. The velocity of rotation depends 
roughly on the energy received. An excel- 
lent demonstration instrument. Guaranteed 


to operate. 
Each $6.50 postpaid 


ONCE AGAIN 


We are able to supply from stock, our 


3” MIRROR 


to make your own 
REFLECTING TELESCOPE 


with good definition suitable for 
precise astronomical observations. 
ONLY $6.00 


No need for months of tedious lens grinding 
— telescope success is assured with our NEW 
READY-TO-USE optical units all GROUND, 
POLISHED, ALUMINIZED, AND TESTED. 
(Tube and other accessories are also avail- 
able if desired, making the complete tele- 
scope the fascinating pleasant work of a few 
hours only.) 

You can better your acquaintance with Jupi- 
ter’s moons, Saturn’s rings, our own moon, 
and other heavenly wonders. 

More than 10,000 of these mirrors are in 
service, attesting their true scientific value. 
We are proud of our material. Thorough 
inspection of these items is invited, in our 
store; see also our Adler Planetarium, 
Chicago, display. 

Easy written and progress-photo instruc- 
tions included with each kit. Also included 
are a flat mirror or ‘diagonal’ and lenses 
to make 2 eyepieces giving the powers listed. 
3” Kit, 39” F.L. 40x and 80x. $6.00 postpaid 
A fine astronomical telescope can be made 
for as little as $6.00. We will be glad to 
tell you how. Send 30c¢ for Know-how In- 
structions. 





Scientific and Laboratory Apparatus 
70 West Broadway, Dept. ST-7-A 
New York 7, N. Y. 
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Amateur 
Telescope 
Makers 
Supplies 








Ramsden 
Eyepieces 
Combination 
Eyepiece and 
Prism Holders 
Mirror Cells 

Finders 
Equatorial 
Mountings 

Prisms 

Send for a | 
price list | 


25 Richard Road 
Cc. C. Young East Hartford 8, Conn. 














Have the same optical characteristics as alu- 
minized coatings, but mechanically they are 
far more durable. Prices for BERAL coating 
telescope mirrors are as follows: 6” diam.- 
$2.50; 8’’-$3.50; 10”-$5.00; 1214”-$8.00; each 
f.o.b. Skokie, Ill. 
ORTHOSCOPIC EYEPIECES of the highest 
quality, 5/8” f.l. and 1%” o.d. Price $9.50 
postpaid. 
ACHROMATIC OBJECTIVES in oxidized 
brass cells, clear aperture 1-9/16” and 1044” 
f.l. Ideal for use in making small scopes 
and finders. They may be used with 14” f.1. 
eyepieces giving 42 times magnification, with | 
| 
| 


BERAL COATINGS | 
| 


excellent results. Price $5.00 each postpaid. 
PITCH POLISHED DIAGONALS 1-3/8” x 
1-7/8” x 38/8”. Excellent for use with 6” 
mirrors and with F:8 to F:10 8” mirrors. 
Price, flat to % wave, $2.75 each; flat to 
4 wave, $3.75 each; all postpaid. 


LEROY M. E. CLAUSING 
8038 MONTICELLO AVE. SKOKIE, ILL. 











DEEP-SKY WONDERS 


YEAR AGO this column told of Bar- 

nard’s nebula, an irregular galaxy 
belonging to our local group. It lies far- 
ther from us than the Magellanic Clouds 
but much closer than M31 in Andromeda. 
The material and chart are on page 256 
of the August, 1951, issue, and an account 
of actual observing of this elusive object 
is in the October, 1951, issue, page 303. 
On the chart, the galaxy’s position was in- 
dicated in the Beyer-Graff fashion by a 
small x, a satisfactory method for the 
usual object, but here we have a faint 
specimen about a third as large as the 
moon. We are afraid many amateurs 
failed because they were looking for a 
smaller object. Actually, at 120x the neb- 
ula fills most of the eyepiece field with a 


faint, yet certain illumination. Averted 


The field of the irregu- 
lar galaxy known as 
Barnard’s nebula, NGC 
6822, in the constellation 
of Sagittarius. South is 
at the top. Mount Wil- 
son Observatory photo- 
graph. 








SKY-GAZERS EXCHANGE 


Classified advertising costs 10 cents a word, 
including address; minimum charge $2.50 per 
ad. Remittance must accompany order. Inser- 
tion is guaranteed only on copy received by the 
first of the month preceding month of issue; 
otherwise, insertion will be made in next avail- 
able issue. We cannot acknowledge classified 
ad orders. Sky Publishing Corporation as- 
sumes no responsibility for any statements 
made in the classified column, nor for the 
quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observa- 
tory, Cambridge 38, Mass. 





FOR SALE: 6” f/9.5 aluminized and parabolized 
mirror. $45.00. Write J. W. Shirie, 2322 N. 
13th St., Phoenix, Ariz. 


OCULARS: Erfle and orthoscopic types. Coated 
lenses. Mounted in 1%” brass, nickel-plated 
tubes. Postpaid prices, 29-mm. f. 1. orthoscopics, 
$12.50; 10.5-mm. or 7-mm., $13.50. 16.8-mm, 
Erfle, $12.50. Immediate shipment of the Erfle, 
August 15 shipment of orthos. Apparent field 
above 50°, flat, colorless throughout, superb 
definition. These Japanese-made oculars show 
craftsmanship of the highest character and are 
guaranteed to equal, or exceed, the performance 
of other makes regardless of price or type, or 
money refunded. Many of the Erfles are in use 
and are highly praised by such owners as Bar- 
croft, Carle, Cave, and Cragg. A complete line 
of supplies, including Barlows, is offered the 
telescope maker and user. H. L. Freeman, 

853% W. 57th St., Los Angeles 37, Calif. 


NORTON’S “Star Atlas and Reference Handbook,” 
latest edition 1950, $5.25. “Atlas Celeste,” 
$2.55. “Borner Durchmusterung,” southern 
part, $38.50. Elger’s map of the moon, $1.50. 
Other foreign and all domestic publications. 
: A. Luft, 42-10 82nd St., Elmhurst 73, 





FOR SALE: Brashear refractor, 4%”; Alvan 
Clark refractor, 4”. Each excellent quality. 
$450.00 each F.O.B. Dr. Vincent Flynn, Chula 
Vista, Calif. 





WANTED: 6” parabolic mirror f/5.3 — f/5.6, 
prefer £/5.5 Student, can’t afford exorbitant 
price. Please send information, correction, etc., 

: . Checkan, 177 Lilac St., San Fran- 

cisco 10, Calif., MI 8-6441. 





WANTED: Used portable refractor 5” to 6” pref- 
erably German make, excellent condition. 
Specify measurements, weight, mounting, 
oculars, all features. Quote lowest price. In- 
strument must be guaranteed. Dr. Vergara 
Caffarelli, 85 East End Ave., New York 28, 
N. Y. 





MOUNT end tripod, altazimuth, used, for reflect- 
ing or refracting telescope, $12.00 F.O.B. 
Skeleton tube and cell, wooden, artistically made, 
$10.00 F.O.B., for 6”, 8”, 10”. Spinthariscope 
and radium disk detecting alpha radiation, $1.80. 
Uranium ore collections from Canada, Brazil, 
New Mexico, New Hampshire, Utah, 5 speci- 
mens, $1.00, $3.00, $5.06. Meteorites, genuine, 
$1.00, $2.00, $5.00. Leerman’s_ Laboratory, 
2846 Oakley Ave., Baltimore 15, Md. 

FOR SALE: 5” refractor, equatorial mounting, 
setting circles, adjustable polar axis, slow- 
motion control, sturdy adjustable tripod like 
new, view finder with crosshairs, star diagonal, 
terrestrial eyepiece, 8 oculars 4” to 2”. Rack- 
and-pinion focusing device, clear objective in 
fully centering bronze mount, dust cap. Price 
$550.00. Frank Hurst, Jr., R. D. 3, Ephrata, 
Pa. 








FOR SALE: Fine 4” telescope — tripod included 

variable power eyepiece using Barlow lens. 

As objective is slightly chipped (which in no 

way affects the excellent performance) am 

offering this instrument for $145.00, cost $250.00. 

W. N. Brayton, 5123 Eagle Rock Blvd., Los 
Angeles 41, Calif. 





WANTED: 6” reflecting telescope, complete with 
equatorial mounting. Must be in first-class 
condition. Send pictures. Jack Hippard, 5536 
Hutchinson St., Chicago 41, Il. 
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vision is, as always, absolutely necessary. 
Data on the galaxy are: NGC 6822, 19" 
42™.1, —14° 53’ (1950), magnitude 11.0, 
20’ x 10’, type I. My first personal nota- 
tion on this is dated August, 1943, when a 
flight in an Army plane to southern 
Florida with an overnight layover gave 
me opportunity to search low latitudes. 
I brought along a 6-inch rich-field and 
observed many objects too far south for 
my Wisconsin observing horizon. NGC 
6822 was a most conspicuous object that 
night, a crystalline veil seemingly sus- 
pended between earth and the starry back- 
ground. My low power of 20x made it 
difficult to recognize the neighboring 
planetary, NGC 6818, but the Barnard 
nebula was so evident that I wondered 
why the Herschels had missed it. 
WALTER SCOTT HOUSTON 








METEORS IN JULY 


July begins the half of the year when 
meteors are most numerous and the best 
showers appear. The Delta Aquarid 
shower, observable the last 10 days of the 
month, is favored this year by the ab- 
sence of the moon. This fine display 
comes to maximum on July 28th, with 
rates of 20 to 30 meteors per hour after 
midnight expected under good conditions. 
These meteors are slow, often yellow in 
color with many brighter ones leaving 
trains. Meteors from the Perseid shower 
first appear at this time after midnight and 
are generally fainter than the Delta 
Aquarids but very swift. BE. O; 





PHASES OF THE MOON 


Bh SOON s.locace een us July 7, 12:33 
Egat Geerter occ ccc cen July 14, 3:42 
NOW SEE gies bcs hore: s July 21, 23:30 
SO aC c.g Pe July 30, 1:51 
Full MOOR biciascccees August 5, 19:40 

July Distance Diameter 


222,800 mi. 33’ 19” 


Perigee 8, 11° 
252,500 mi. 29’ 24” 


Apogee 23, 8" 
August 


Perigee 5, 20" 221,900 mi. 33’ 28” 





UNIVERSAL TIME (UT) 


TIMES used on the Observer’s Page are Greenwich 
civil or Universal time, unless otherwise noted. 
This is 24-hour time, from midnight to midnight; 
times greater than 12:00 are p.m. Subtract the 
following hours to convert to standard times in 
the United States: EST, 5; CST, 6; MST, 7; 

ST, 8. If necessary, add 24 hours to the UT be- 
fore subtracting, and the result is your standard 
time on the day preceding the Greenwich date 
shown. Add one hour for daylight-saving time. 
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THE SUN, MOON, AND PLANETS THIS MONTH 
The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


Mercury attains greatest elongation on 
July 15th, 26° 40’ east of the sun. At that 
time the planet will set one hour after 
the sun and be at +0.6 magnitude. How- 
ever, the preceding two weeks will be 
more favorable for viewing Mercury as 
it sets later and is somewhat brighter. 

Venus remains too close to the sun for 
observation this month. 

Mars moves eastward from Virgo to 
Libra, remaining a conspicuous object in 
the evening sky. Its magnitude decreases 
to —0.2 in mid-month, when the ruddy 
planet sets at midnight. Mars presents a 
disk 11” in diameter on the 15th. 

Jupiter rises before midnight in late 
July, outshining all stars and planets at 


SUNSPOT NUMBERS 


Aveil 3, 25. 23:2, 19 16: 3, 25. 21: 4, 
28; 262 aa 07) Ge 2s. dae ty aos Ss 
29. 40: &. SY, 32: 10; 30, 30; 14, 35. 46; 
12, 2%, 2B; 13, 19 22: 84 10, 19: 38:2: 7; 
16, -S, S$: 27,31, 7:36: 2. 17;- 19. 6, 33: 
20, 44,53; Zi, 55, 62; 22,. 50; 50; 23, 3I, 
38: 24. 26. 26: 25. -235. 15; 26. 23. 26;: Zi, 
21, 16; 28, 25, ¥7; 29, 40, 32; 30, 40. 42. 
Means for April: 27.3 American; 28.8 Zu- 
rich, 

Daily values of the observed mean relative sun- 
spot numbers for April are given above. The first 
are the American numbers computed by Neal J. 


Heines from Solar Division observations; the 
second are the Zurich Observatory numbers. 


PREDICTIONS OF 
BRIGHT ASTEROID POSITIONS 


Metis, 9, 9.3. June 27, 20:49.1 —24-17. 
Jaly. 7, 20:42.5 —25-12: 17, 20:33.7 —26- 
08; 27, 20:23.5 —26-59. Aug. 6, 20:13.1 
—27-41; 16, 20:03.8 —28-08. 

Antigone, 129, 9.4. July 7, 20:41.4 —11- 
57; 17, 20:34.6 —13-13; 27, 20:26.7 —14-37. 
Aug. 6, 20:18.9 —16-03; 16, 20:12.1 —17-25; 
26, 20:07.3 —18-38. 

Hera, 103, 9.7. July 7, 








21:03.6 —14-39; 


17, 20:57.7 —15-25; 27, 20:50.0 —16-20. 
Aug. 6, 20:41.6 —17-18; 16, 20:33.7 —18- 
14; 26, 20:27.4 —19-03. 

Juno, 3, 8.6. July 17, 21:22.1 —2-10; 27, 


21:15.4 —2-54. Aug. 6, 21:07.4 —3-58; 
16, 20:58.9 —5-18; 26, 20:51.0 —6-46. Sept. 
5, 20:44.6 —8-18. 


magnitude —1.9. Moving eastward in 
Aries, Jupiter again will be a fine object 
for the small telescope, with an equatorial 
diameter of 37” on the 15th. 

Saturn, an early evening object moving 
eastward in the western sky, passes Gam- 
ma Virginis once again. The ring system 
will be inclined 7°.2 on the 15th, with the 
northern face in view. 

Uranus will be in conjunction with the 
sun on July 6th, hence invisible. 

Neptune, located about 8° east of Sat- 
urn, can be found with binoculars and the 
aid of the chart in the February issue. 
Eastern quadrature is attained on July 
llth; the planet remains at 8th magnitude. 

E. ©, 





Prokne, 194, 8.9. July 27, 22:10.6 +1-31. 
Aug. 6, 22:07.5 —0-40; 16, 22:02.5 —3-26; 
26, 21:56.9 —6-31.. Sept: 5, 21:51.9 —9- 
38; 15, 21:48.8 —12-30. 


After the asteroid’s name are its number and the 
magnitude expected at opposition. At 10-day 
intervals are given its right ascension and 
declination (1952.0) for 0® Universal time. In 
each case the motion of the asteroid is retrograde. 
Data supplied by the IAU Minor Planet Center at 
the University of Cincinnati Observatory. 





VARIABLE STAR MAXIMA 


July 2, R Reticuli, 7.7, 043263; 2, S 
Carinae, 5.7, 100661; 4, V Cassiopeiae, 
7.9, 230759; 9, R Leonis, 5.9, 094211; 16, 
R Draconis, 7.6, 163266; 16, RU Sagittarii, 
7.2, 195142; 26, T Cephei, 5.8, 210868. 

These predictions of variable star maxima are 
by the AAVSO. Only stars are included whose 
mean maximum magnitudes are brighter than 
magnitude 8.0. Some, but not all of them, are 
nearly as bright as maximum two or three weeks 
before and after the dates for maximum. The 
data given include, in order, the day of the month 
near which the maximum should occur, the star 
name, the predicted magnitude, and the star des- 
ignation number, which gives the rough right 
ascension (first four figures) and declination (bold 
face if southern). 





MINIMA OF ALGOL 


July 1, 15:31; 4, 12:19; 7, 9:08; 10, 5:57; 
13, 2:45+ 35. 2:34- 1G 2023: 2b. 2513: 
24, 14:00; 27, 10:48; 30, 7:37. August 2, 
4:25: 5, 3:84 

These predictions are geocentric (corrected for 
the equation of light), based on observations made 


in 1947. See Sky and Telescope, Vol. VII, page 
260, August, 1948, for further explanation. 











WE REPAIR 


* Microscopes * Telescopes 
* Field Glasses * Binoculars 
WE BUY, SELL, EXCHANGE 


OPTICAL AND SCIENTIFIC 
INSTRUMENTS 


W A E L D I 10 Maiden Lane 


New York City 
BEekman 3-5393 




















POLARIZING FILTER 
Oval shape 414” x 3-9/16”, mounted 


on a half frame with a 90° swing 
Riveter oko we ass ... $1.75 each 

2 for $3.00 

DOVE PRISM — 2!/.” long, face 5/8” 
Piper <C> padi ccna $1.50 each 
2 for $2.50 


MOTOR — One - revolution - per - hour 
clock type, 115-volt, a.c., overall size 


BA" 2 VFA keen ses, $3.85 each 

AMICI (ROOF) PRISM 
Ge & 98 TAM cee . $1.50 each 
2 for $2.50 


Sorry No C.O.D. Send Check or Money 
Order. We Pay the Postage. 


A. COTTONE & CO. 
340 Canal St. New York 13, N. Y. 











To know what is in the whole sky 
from the whole earth 


WORLD WIDE 
PLANISPHERE 


Wm. H. Barton, Jr. 


Within the covers of this unique book 
will be found constellation charts and 
maps of the navigation stars for both 
northern and southern hemispheres of 
the sky. With the planisphere masks, 
one each for latitude 20°, 40°, 60°, and 
80°, you may quickly find what stars 
are shining over any part of the world 
at any time of the day or night. 


Plastic-ring bound, 10” x 10!/2”, star 
charts and lettering white on black 
for easy visibility with a flashlight 

Postpaid, $3.00 


SKY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 38, Mass. 
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The sky as seen from latitudes 20° to 40° south, at 9 p.m. and 8 p.m., local time, on the 7th and 23rd of October, respectively. 


SOUTHERN STARS 


ONSTELLATIONS that 

in Southern Hemisphere 
evening skies include Piscis Austrinus, 
Grus, Microscopium, Capricornus, and 
Aquarius. Somewhat farther away from 
the zenith at chart time are Sculptor, 
Phoenix, Tucana, Indus, and Pavo. Many 
of these groups are made up mostly of 
faint which may be more easily 


are high 
October 


stars, 
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identified when they are high in the sky. 

The lst-magnitude star Fomalhaut, in 
the Southern Fish, is at right ascension 
23", close to declination —30°. Along this 
parallel, there are no other stars brighter 
than the 4th magnitude all the way from 
Zeta (¢) Sagittarii, at 19", eastward to 
about 5". Microscopium, Piscis Austrinus 
(except for Fomalhaut), Sculptor, and 
Fornax are faint constellations lying along 
this strip of sky. 


In Grus, which has the long cranelike 
shape for which it is named, there are 
several interesting pairs of stars, partic- 
ularly Delta (8) and nearby Mu. Between 
Beta (8) and Epsilon (€), there are three 
close stars (fainter than the chart limiting 
magnitude). 

Grus also contains two 2nd-magnitude 
stars, of which Alpha (a) is blue-white, of 
spectral type B, whereas Beta is red, of 


type M. 





STARS FOR JULY 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local time, 











on the 7th and 23rd of July, respectively; 
also, at 7 p.m. and 6 p.m. on August 7th 
and 23rd. For other times, add or subtract 
14 hour per week. When facing north, hold 


“North” at the bottom; turn the chart cor- 
respondingly for other directions. The 
projection (stereographic) shows celestial 
co-ordinates as circles. 
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